Under tho Paperwork Reduction Ac* ol tl 





Approved tor use through 1/31/2004. OUB 0651 O033 
US. Patent and Trademark Office: US. DS> AKTMOn^ CQUMERC8 ' 



SUPPLEMENTAL DECLARATION 


Attorney Docket Number 


2115D40093S/DVC 


First Named Inventor 


Gerald A. Mourou 


FOR REISSUE 


COMPLETE 


PATENT APPUC AT10N 


Reissue Application No. 


09/775.106 


TO CORRECT "ERRORS" STATEMENT 


Filing Oats 


February 1 , 2001 


(37 CFR 1.175) 


Art Urti 


1725 


Examiner Name 


Geoffrey S. Evans 



l/We hereby declare that: 

Every error In the patent which was corrected In the present reissue application, and which Is not covered by the 
prior oath(s) and/or declarative) submitted In this application, arose without any deceptive Intention on the part 
of the applicant 

lAfVe hereby declare that ell st atement s made herein of my/our own knowledge are true end that ail statements 
made on information end belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the tike eo made are punishable by fine or Imprisonment, or both« 
under 16 U.S.C. 1001 and that such willful false statements may ieopardfee the validity of the application or any 
patent issued thereon, - 



Name of Sole or First Inventor! □ A petition has been filed for this unsigned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's 
Signature 




Date 




jName of Second Inventor! □ A petition has been filed for this unsigned inventor 


Given Name (first and middle (If any]) 


Family Name or Surname 


Oetao 


Ou 


Inventor's 
Signature 




Date 




(Mams of Third Inventor} □ A petition has been filed far this unsinnari tawontm 


Given Name (first and middle [if any}) 


Family Name or Surname 


Subrata tC 


Dutta 


inventor's 
Signature 




Dote 




Name of Fourth Inventor! □ A petition has been filed for this unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 


Victor 


Einer 


Inventor's 
Signature 




Oate 





V Adcfltonal tnvenior* or legal repraseroefivesw am being named cn tna su p plemen ta l cheeta PTC/S8/02A or 021R attached heratx 
Trie cofection of Wgmutfon b requfced by 37 CFR 1.175. The information is'raquto to obtain or retain a benefil by the pubic itfaeh is to fie (end by tha 
USPTO to process) on tppDctoon. Cortidertja% i* governed by 33 U.S.C 122 and 37 CFR t.u. This coflectton ta attested » ttti 13 mhutes to 
com pieu, ( ndwfinQ garnering, preparing, and automating the cooyteie d application form to the USPTO. Time wtt vary deperxfr^ tpon me tidMduaf case. 
Any comments on the amount of time you require to complete mis form andtor suggestions tor reducing th£» burden, anouJd be sent to theCNef iribimafibn 
2S£ J^J2^J"i T, * dsmaA 0eBoe * US * °«P»A«ert «* Commerce. P.O. Bo* 1450. Alexandria. VA 22313-1450. DO NOT SEND REB OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: ComrnUeJonar tor Petsnta, P.O. Box 1460, Alexandria, VA 22313-1450. 

ff >ou need assisiance tn compteting (he fom», catJ 1-800~PTO-9199 and aeted option 2. 



BEST AVAILABLE COPY 



SEP 3 & 2004 W PTOSB/51S(PS03) 



Nfw OS. fttfart and Tf^KnO OBo* US. QgAHnypiT Of CO M MERC E 

ur^rttttP ftp rTffif > ff^«*^^ongas.m * ffi 





Altomsy Docks! NumtMr ' 


2115D-00093WDVC 


SUPPLEMENTAL DECLARATION 


rtrei mtfrrso tnvtcvxox 


68faUA.Mourou 


FOR REISSUE 


COMPLETE 


PATENT APPLICATION 


Reissue Application No. 


09/775.106 


TO CORRECT "ERRORS" STATEMENT 


RHngDate 


February 1.2001 


(37 CFR 1.175) 


Ait Unit 


1725 


ExarnfrterNarne 


GeoffrevS. Evans 



We hereby declare that: ' 
every emr to the paterd which ws* corrected 

prior oath(e) anolfor deciamtlori(o) a u b rntrt e d In thle application, atom without any deceptive tntantlon on tho part 
of tha applicant 



We hereby decfam that aB aU ta tn a nt a made twain of my/bur own Icnoertsdgo am true and that all atetem a nta 
nude on IrttorTnatton and belief 

fcnowrta dpe that wfflfui fataoa tatamanl a and tha 0km ao mada am ptmlahaMa by flna ortonprtaonreaa^ or both, 
undar 1$ UB.C 1001 and that aochwtBM false atatsreentei^ 
patent Issued thereon 



Name of Sole or First Inventor] □ A petition has bean filed for this unsigned brventor - 


Given Name (first end middle pf anyD 


Family Name or Surname 


Gerard A 


Mourou 


Inventor** 
Signature 




Date 


S/7//09 


Kamecf Second Inventor! □ A petition has been filed tor this unsigned Inventor 


Given Name (first and midcfle [if any]} 


Family Name or Surname 


Detao 


Du 


Inventor's 
Signature 




Date 




Name of Third Inventor} □ A oetftion has been filed tor this unsigned inventor 


Given Name (first and middle [tf any]) 


Family Name or Surname 


SubrataK. 


Outta 


Inventor's 
Signature 




Date 




Name of Fourft Inventor* □ A petition has been filed for this unsigned Inventor 


Given Name (first and middle Of any]) 


FamRy Name or Surname 


Victor 


Bner 


Inventor's 
Signature 




Date 





Tixt coOodon cf Womwflon It rtquM by 37 CFR 1.17& TT* WonnaSon reojdred tooM^ortvt^stoneftbytmpublewMehtt t»fto (tndbytr* 
USPTO to proem) an appficrion. Cortfcta daQ» to gowned by 35 US.C. 122 find 37 C*« M4. Thto co**cttan to wSmaM to tries 1*8 mkmtts to 
complBttt, tnoftafinp patfuriflg praptrtng, and tuftmBtag tho LUnJitaiJ •PPflcaflon term to tf» U3PTO. Vem *M wy deyndnQ upon tt» tafrfcfca) cat*. 
«^ mmM on lh« wno^ of ttma you nqukv to 

OOoer. Patent snd Tisdmrk Offlc*. US. Dtptftatrt of Cdmmsfoa. PjO. Box 14G0. AtanerU. VA 22313-1460. 00 NOT SEND FEES OR 
COMPLETED FORMS TO TtOS ADDRESS- SCK0 TO: CcmstfMtomrfor Pstoitta, P.O. Bos 1460. Atmndrta, VA 22318-14SC. 




pTcyse^is 



Approved tor we throe** V31/20M. OM8 0651 O033 
OS. PWert and Tndmvti Office; US- DEPARTMENT Of COMMERCE 



Unfer B» PaoemoA Rsdocnon Act « 1WS. no pnsomam reqono 


Attorney Docket Number 


2115O400939/DVC 


SUPPLEMENTAL DECLARATION 


First toroad Inventor 


Gerakj A. Mourou 


FOR REISSUE 


COMPUzTt 


PATENT APPLICATION 


Reissue Application No. 


09/775.106 


TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 


Ring Oals 


February 1 . 2001 


Art Unit 


1725 


Examiner Name 


GeoffreyS. Evans 



VWe hereby declare that 

Every error in the patent which was corrected In the presort reissue application, and which Is not covered by the 
prior oeth(s) and/or declaration^) submitted In this application, arose without any deceptive Intention on the part 
of the applicant 

I/We hereby declare that all statements made herein of mytour own knowledge are true and that att statements 
made on lirtdrrnation and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or Imprisonment, or both, 
under 16 U&C. 1001 and that such willful false statement* may Jeopardize the validity of the application or any 
patent Issued thereon. ] s 



Name of Sole or Rrst Inventor! 



A petition has been Hied for this unsigned inventor 



Given Name (first and middle [if anyj) 



Famfly Name or Surname 



Gerard A 



Mourou 



Inventor's 
Signature 



Date 



J^am^^ew^lmjerrtor^ 



A petition has been filed for this unsigned inventor 



Given Name (first and middle flf any]) 



Family Name or Surname 



Oetao 



Du 



Inventor's 
Signature 



Name of Third Inventor! 



□ A petition has been fBed for this unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Subrata K. 



Outta 



Inventor's 
Signature 



Date 



IName of Fourth Inventor! 



G Apetiflon has been fBed for this unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Victor 



Elner 



Inventor's 
Signature 



Date 



V* Additional frwertofs or topd repraaertafoeaC*) «o being named on too cupptomertal shoots PTCYS8/02A or 02LR mu niod hereto. 
This ootedion of cntormtton is required by 37 CFR 1.1 7S. The utiormatton fr rpqidred to obt>^ tofie<*ndby the 

USPTO to process) sa appQcttioa Corfdertfetty Is governed by 33 U.S.C 122 tntf 37 CFR i.U. This ooOeetton ts estimated to take 1.8 minutes to 
oompietft. induding Q&iherinQ. preparing, and submtfling (to compfetod application torm to (he USPTO. Time witt va/y daptndhg upon the hdMdu&l com. 
AnrcommeYtoonttosmoutf of tt^ 

Officer, US Patent and Trad*n*rfc Office, US, Oepartmert of Commaroe, P.O. Box 1450. Alrandria, VA 2313-1450. DO NOT 60*0 FEES OR 
COMPt£TT£0 FOflMSTOTHS ADOHESS. SEHOTO: Com 

(t you need awatance tn compteono o*J can % -800-PTO-9199 and e«ta* c*jt*on 2. 




PTOfSB/SIS (05-03) 



Approved for use through 1/31/2004. OM3 0651-0033 
US. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE 



Ureter trie PaaenKHV Reducflon AcrdltSUS. no oeraons are rewnrM 


to respond to a ccmecnon w troonnao 

Attorney Docket Number 


2115O-000939/DVC 


SUPPLEMENTAL DECLARATION 


First Named Inventor • 


Gerald A. Mourou 


FOR REISSUE 
PATENT APPLICATION 


COMPLETE 


Reissue Application No. 


09/775.106 


TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 


Filing Oate 


February 1,2001 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



(/We hereby declare that 

Every error In the patent which was corrected In the present reissue application, and which is not covered by the 
prior oath(s) and/or dectaration(s) submitted In this application, arose without any deceptive Intention on the part 
of the applicant. 

i/We hereby declare that all statements made herein of my/our own knowledge are true and that all statements 
made on Information and belief are believed to be true; and further that these statements were made wfth the 
knowledge that willful false statements and the like so made are punishable by fine or Imprisonment, or both, 
under 1 8 U.S.C. 1001 and that such willful false statements may Jeopardize the validity of the application or any 
patent Issued thereon. 



Name of Sole or Rrst Inventory 



A petition has been filed tor this unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Gerard A 



Mourou 



Inventor's 
Signature 



Oate 



Name of Se cond Inve nted 



□ A petition has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 



Detao 



Family Name or Surname 



Du 



Inventor's 
Signature 



Date 



[Name of Third Inventorj 



□ A petition has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Subrata K. 



Dutta 



Inventor's 
Signature 



Oate 



^ame^JFourtMnventor^ 



□ A petition has been filed for this unsigned Inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Victor 



Elner 



inventor's 
Signature 



Date 



V AddJttortal inventor* or tegal re^esantauvesis) are being named on the _J^_ supplemental ahoeta PTQ/sa/Q2A or 02LR attached hereto. 
This coQftdion of formation b required by 37 CFR 1.175. The information is required to obtain or retain a ber^ by tr^ pubi« ii^Js to fte (and by the 
USPTO to process) an appScatiai. Confidentiality & governed by 35 U.S.C. 1 22 and 37 CFR i.H. This reflection is estimated to take 1.8 minutes to 
complete, including gathering, preparing, and submitting the completed appGcafion form to the USPTO. Time w3l vary depending upon the. individual. case. 
Any comments on the amount of time you require to complete this form and/or suggestions lor reducing this burden, should be sent to the Chief Information 
Officer. US. Patent and Trademark Office. U.S. Department of Commerce. P.O. Box 1450. Alexandria. VA 22313-1450. 00 NOT SEND FEES OR 
COMPLETED FORMS TO THIS AO DRESS. SEND TO: Commissioner lor Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

(f you need assistance tn completing the form, caB 1-600-PTO-9199 and select option 2. 




PTGr5&/5lS 



Approved tor «» through 1/31/2004. OMB 0S51O033 
U.S Paterq artTradeottft Office; U.S. 0EPARTMBITOF00MK£RCE 




Under me Paperwork Rgcucnon AO W IWS. no pertoco am ragmnw 


Attorney Docket Number 


2115D-000939/DVC 


SUPPLEMENTAL DECLARATION 


Rrst Named Inventor 


Gerald A. Mourou 


FOR REISSUE 


COMPLETE 


PATENT APPLICATION 


Reissue AppScatfen No. 


09/775.106 


TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 


Ffflng Oats 


February 1.2001 


Aft Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



VWe hereby declare that 

Every error In the patent which was corrected In the present reissue appBcatlon, and which Is not covered by the 
prior oath(s) and/or declaration^) submitted In thle application, arose without any deceptive Intention on the part 
of the applicant. 

I/We hereby declare that aB alatementa made herein of my/our own knowledge are true and that an statements 
made on Information and belief are believed to be true; and further that these statements were made wfth the 
knowledge that willful (alee statements and the like so made are punishable by fine or Imprisonment, or both, 
under 1 8 U.S.C. 1001 and that such willful false statements may Jeopardize the validity of. the application or any 
patent Issued t hereon. - 



jNameo^oJeorJFir^^ 



A petition has been filed tor this unsigned inventor 



Given Name (first and middle |if any]) 



Family Name or Surname 



Gerard A 



Mourou 



Inventor's 
Signature 



Date 



ptome of Second Inventory 



A petition has been filed for this unsigned inventor 



Given Name (first and midcfle (if any]) 



Family Name or Surname 



Detao 



Du 



inventor's 
Signature 



Date 



Name of Third Inventor! 



□ A pet&on has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Subrata It 



Outta 



Inventor's 
Signature 



Dale 



Name of f ourth Inve niorj 



O A petflton has been filed tor this unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Victor 



Elner 



Inventor's 
Signature 



Date 



V AdcftioneJ Inventors or leoa! roprcsertafre^a) ens being named on tne suppternenlAl theeto PTO/S8/02A or 02LR attached hereto. 
This ocOectfon off Wormation ts required by 37 CPR 1.175. The tfltormatlon is required to obtain or retain a benefit by the pubfic vrftich o to file (and by the 
USPTO to process) an appfca&m. Confldertiafay is governed by 35 U.S.C. 122 end 37 CFR 1.14. This coOecdon ts es tima ted to take 1.3 minutes to 
compfeifl, Mufino oatharino, preparing, end wbmittinQ the completed appEeaflon farm to !he USPTO. Tfcne w4J vary depending, igxm the individual case. 
Any comments on the amount ot tin* you require to cornpteie this term andfar suggestion* tor reducing B& burden, snortd be sent 19 me Cfef Wormation 
Officer. U S, Patent and Trademark Otfioe. U.S. Oepartmerd of Comerce. P.O. Box USD, Alexandria. VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TOs Cooantsettner tor Patento, P.O. Box 1450, Aleaendrle, VA 22313-1450. 

tr you need assistance *n completing me ft^cafl i*eOD^TO>9lB9af^aeteeicptlon2. 



Under ite Paperwork Reduction Act cf 1905. no 




PTQ/SBE1S<0S-Q3) 



Approvedtor toeOVoupfc 1/91/2004. 0148 OSS1 4033 
U.S. Patera and Tridoma/xonicei U.S. departmCnt op couuERCE 



SUPPLEMENTAL DECLARATION 


Anomoy Docket Number 


2115O-O00939/DVC 


First Named Inventor 


Gerald A Mourou ( 


FOR REISSUE 


COMPLETE 


PATENT APPLICATION 


Reissue Appficelion No. 


09/775.106 


TO CORRECT "ERRORS" STATEMENT 


Fifing Date 


February 1.2001 


(37 CFR 1.175) 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



UWe hereby declare that , 

Every error in the patent which was corrected In the present reissue application, and which la not covered by the 
prior oath(a) and/or declarations) submitted in this application, arose without any deceptive intention on the part 
of the applicant 

VWe hereby declare that ail statements made herein of my/our own knowledge are true and that ell statement* 
made on Information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the Use so made are punishable by fine or imprisonment, or both, 
under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the application or any 
patent Issued ihereon. 



(Name ol Sole or Fir st Invento r^ 



A petition has been Tiled for this unsigned inventor 



Given Name (first and middle [if any)) 



Family Name or Surname 



Gerard A 



Mourou 



Inventor's 
Signature 



Date 



Name ol Second Inventoi 



□ . A petition has been filed for this unsigned inventor 



Given Name (first and middle (if any)) 



Family Name or Surname 



Oetao 



Du 



Inventor's 
Signature 



Oate 



Name of Third Inventor} 



□ A petition has been filed for this unsigned inventor 



Given Name (first and middle pf any]) 



Family Name or Surname 



Subrata K. 



Dutta 




Inventor's 
Signature 



; Date 



JNamejrf Fourth inventory 



□ A petition has been fifed for this unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Victor 



Etner 



Inventor's 
Signature 



Oate 



V Adtffona! inventors or legal reo» «ert*fives{sl ire being named ort tr* _1 mpplefneniaJ affceia PTO&B/02A Of 02 LH studied hereto. 
TtoooQeaifln at information is required by 37 CFR 1.1?$. The inionnatfon ta required to, obtain or retain t bonc&l by tr* puttie vftieft cS to Re (and by tM 
USFTO to oroeet*) *rt aoeflCfBOA. Cormaennaflty t$ governed oy 35 U.SC- i23 ano 3T CFR ma. Thie raKeaian b eeiimated to tato \Jb minifies to 
complete, inducing gstfierinBr preparing and uAmtsifig Uta cronptetod appUeatwn form lb fte USPTO. Tims wffl vary dftparc&ng upon tne inOVdual ca*«. 
Any ownenta cn me amfutfu of ttrre you require to oomoteta Otis farm anofer cti9cettionB for ifttfudns inia burden, ahoukt be sent to the Cttftf Wo/marton 
Officer, u.S* f>aism ate Tr±4tfr*r* Ortloe. US. DepartmoAi of Commerce. PC Box "SO. Alexandria. Va 22313-1440. OO NOT SEND SEES OR 
COMPLfcTCO FOAMS TO THIS AOORESS. SEND TO: CommUetoner tor Petente* P.O. Box 1450. Alexandria, VA 2231 S-l 450. 

Q you need iMOHAAee ft eti*#Al*c tne t$m. cat) 1 and sebd opfior* 2. 



largarete Ribianszky - Decteratipn.pdf . . Page 1 




SUPPLEMENTAL DECLARATION 
FOR REISSUE 
PATENT APPLICATION 
TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 


Attorney DoctetKumter I 21 15M0O939/DVC 


Hrsi Named Inventor I Gerald A. Mourou 


COMPLETE 


Refssua Application No. 


09/775.106 


RBnq Date 


February 1. 2001 


Art UnU 


1725 


Examiner Name 


Geoffrey S. Evans 



UWe hereby declare that: 

Every error m the patent which was corrected m the present reissue application, end which la not covered by the 
prior oath**) endVor dectaratlon<s) submitted In thta application, arose without any deceptive Intention on the part 
of the applicant 

I/We hereby declare that eO statements made herein of my/our own knowledge are true end that ell statements 
made on Information and belief are beUeved to be true; and further that these etafteraenta ware made wtth the 
knowledge that wttmil false statements and the tHca so made are punishable by fine or Imprisonment, or both, 
under 16 U.S.C. 1001 and that such wtUfui false statements may leopardfce the validity of the application or any 
patent Issued thereon. 



k&me of Sob or Rrct Inventor j □ A peUUon has been Rtod for mte unsigned Inventor 


Given Name {first and middle [if any]) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's 
Signature 




Date 




feteme of Second Inventor! □ A petition has been f3ed for this unsigned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Oetao 


Ou 


inventors 
Signature 




Date 




Name el Third tnventorl □ A petition has been filed tor this unsigned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Subrata K. 


Outta 


Inventor's 

Signature 




Date 




tame of Fourth Inventor! □ A petition has been Tited for inia unsigned inventor 


Given Name (fast and middle (If any]) 


FamDy Name or Surname 


Victor 


•Elrw 


Inventor's 
.Signature 




Dale 





Y* A03Hlanilin*wtoiGriBgm«pre*arua^i)«ra 

Thb oo8ccfen at Wormaflon roqqired by 37 CFR U 7S. Tha 0<oreucflon a taqaUd to Ofatato or rctiin a btnefit by tht putaflc trfteh t> to Ba (utJ by tha 
USPTO to poc«s*) tn tppfeaftoa. Corfetenfiatty b v»md by 3S U.S.C 122 **) V CFfi 1.14. TNt cesaction b ttfrmtad lo take 1^ nfnuttt to 
«rt^.txlud(*ei*a^pr»p«^ar*subf^^ 

Any fl on w un a on aw ynoura tf ftm you rtqufrt to conyteio Wa tana pxttr tupgrtfera tor redwing frfr turdon. afloutt bo aort to frc OMc* trrfowatfoo 
ONOtr U.S. Pats* ana Tndamvk 0«a>. US. Oepsism of Cotnmerct. Pj<X Sox 14S0. AtaanOla, VA 22313-14S0L OO HOT SEND FKS Oft 
COMPLETED FORMS TO TWS ADDRESS, 9ENOTO: Conatttionar tor PsttfOs, P.O. Bai M60. Abxsadrt* VA22)1>1«SL 
H you naatf anisunca In comptathg »• lono, caS 1 -MMVPTO-nw and aetoaoptton£ 



largarete Ribianszky - Decia^qhipdj 



Page 2 



PTOS&JQ2A {00-03} 
OS,P^«rtTi^Bi^00«US.CEPAtm«IT0PC0MMEH0g_ 



DECLARATION 



AODTnONAL INVEMTOR(S) 
Supplemental Sheet 

Pago2of 2 



fount of Additional Joint Inventor. If anrf 


□ A petition has been fited tor thto unsigned Inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


tnventor'a 
Signature 




Date 




fclame of Addition a! Joint Inventor. If anvi 


□ A petaJon has been filed for thb unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Paul R. 


Uchter 


tnventof* 
Signature 




Date 




(Name of Additional Joint Inventor. U anvi 


□ A petition has been fBed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xinblng 


Liu 


Inventor's 
Signature 




Oate 




frame of Additional Joint Inventor, if anvi 


□ A petition has been Sod for this unsigned inventor 




Given Name (first and middle it any) 


FamRy Name or Surname 


Peter P. 


Pronto 


inventor's 
Signature 




Date 




Name oTAddftionat Joint Inventor. If anvi 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Jeffrey A. 


Squter 


Inventor's 
Signature 




Oate 





pufcGc wtfch la to fi* ttnd by 0* USPT0 to poons) an appfcaflon 

SEND TO: Commissioner for Patents, P.O. Box 1450. Alexandria, VA 22313-1450. 




PTQ£8<51$(05<tt> 
US. Potert end TmSernartOffioa; US. OS>AHi*©*W COMMERCE 






P reijjuno w a ouuemuii Oi uwwtaa 

Attorney Docket Number 


2115D-000939/DVC 


SUPPLEMENTAL DECLARATION 


First Kamod inventor 


Gerald A. Mourou 


FOR REISSUE 


COMPUzTk 


PATENT APPLICATION 
TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 


Reissue Application No. 


09/775.106 


Filing Date 


February 1. 2001 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



WVe hereby declare that 

Every error in the patent which was corrected In the present reiaaue application, and which Is not covered by the 
prior oath(ft) anoVor dedaratiori(s) submitted In this application, arose without any deceptive Intention on the part 
of the applicant 

I/We hereby declare that all statements made herein of my/our own knowledge am true and that all statements 
made on Information and belief are believed to be true; and further that these statements were made with the 
knowledge that wfitfut false statements and the like ao made are punishable by fine or Imprisonment, or both, 
under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the application or any 
patent Issued thereon. = 



IName of S econd Inventofj 



Name of Sole or First Inventofj 



A petition has been filed for mis unsigned inventor 



Given Name (first and middle [if any]) 



Gerard A 



Inventor's 
Signature 



Family Name or Surname 



Mourou 



Date 



A petition has been filed for mis unsigned inventor 



Given Name (first and middle [if any]) 



Oetao 



inventor's 
Signature 



Family Name or Surname 



Du 



Date 



Name of Third Inventor} 



□ A petition has been fOed for this unsigned inventor 



Given Name (first and middle (if any]) 



Subrata K. 



Inventor's 
Signature 



Family Name or Surname 



Outta 



Oate 



^teme of Fourth Inventor^ 



O A petition has been fifed for this unsigned inventor 



Given Name (first and middle [if any)) 



Victor 



inventor's 
Signature 



Family Name or Surname 



Elner 



Dale 



V Aotfttonal inventor* or toga) ropre*onlatrves(«) are being named on mo tupUcnei mi meets FTO/SBAgA or 02LR aaacned hereto. 
Ths C08ec&n oi Wormafion is required by 37 CFR 1.175. The WormaOon is required to obtajn or retain a benefc by Cie pvtfc which H*>8b (and by the 
USPTO to process) an appficaaon. Cor fi dentaQy is governed by 35 US-C. 122 end 37 CFR 1.W> Trt* cotecfion b estimated to lake 1.8 minutes to 
complete, including Catherine, preparing, end avbmtting (he completed epptetfon form k> tfw USPTO. Time wfl vary tiepenelng upon the fcdMduaJ case. 
Any comment! on the amount ot tfme you reo>£n> to complete this form andAgr suggestions tor reducing this burden, should be sens to the Chief Information 
Officer. U.S. Peteri and Trader*.* Qmoe. U S Department of Commerce, P.O. Box 1450, Alexandria. VA 22313.1450 DO MOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: CommUafoner tor Pstonla, P.O. Box 1450, Alexandria, VA 2231 *t460, 
9 you need assfi&nce m completing me twin, cafll-eOO^TO-9189 and select option 2. 
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Supplemental Sheet 
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(Name of Additional Joint Inventor, if anyj 


□ A pBtitan has been fifed for this unsigned inventor 




- Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


Inventor's 
Signature 




Dan? 




[Name of Additional Joint Inventor, ftanv^ 


□ A petition n&s been filed for this unsized inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Paul R. 


Lichter 


inventors 
Signature 




Dat<; 




[Name ofAddltlonal Joint Inventor, if anyj 


□ ■ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xinbing 


Liu 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, if any:| 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Fa.nily Name or Surname 


Peter P. 


Pronko 


inventor's 
Signature 




Date 




Name of Additional Joint Inventor, if any J 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Fa.nily Name or Surname 


Jeffrey A. 


Squfer 


Inventor's 
Signature 




Date 





t«s cdlecton of irtw mstan <a t aoutrad oy 36 U.&C. n s am 37 CFR 1 £j, Tr* miomui.v. « /£quUMioabUinorraafMD«n*l&oy ine 
puBOc «ntcn 19 to 1C9 (irto oy m* USPTO to proceasj aa appcjeauoA 

SEND TO: Commissioner for Patents, P.O. eox 1430, Alexandria, VA 22310-1450. 



Approved tar use Owwoh 1/31/2004. OU8 0651 -0033 
U.S. Patent and Trademark Office; UJ&. DEPARTMENT OF COMMERCE 
Under the Papcrwfc Reduction Ad crt 1995. no pereW»U* n **y T » nrt to respond to a coflecticn at information untess it contains a valid C»ffl control number. 



SUPPLEMENTAL DECLARATION 


Attorney Docket Number 


2115D400939/DVC 


First Named Inventor 


Gerald A. Mourbu 


FOR REISSUE 


COMPLETE 


PATENT APPLICATION 


Reissue Application No. 


09/775.106 


TO CORRECT "ERRORS" STATEMENT 


RQng Date 


February 1.2001 


(37CFR 1.175) 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



l/We hereby declare that 

Every error In the patent which was corrected In the present reissue application, and which is not covered by the 
prior oath's) and/or dectaratlon(s) submitted in this application, arose without any deceptive intention on the part 
of the applicant 

I/We hereby declare that all statements made herein of my/our own knowledge are true and that ail statements 
made on information and belief are believed to be true; and further that these statements were made with the 
knowledge that wHrful false statements and the like so made are punishable by fine or Imprisonment, or both, 
under 18 U.S.C. 1001 and that such willful false statements may Jeopardize the validity of the application or any 
patent issued thereon. 



Name of Sole or First Invented □ A petition has been filed for this unsigned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's 
Signature . 




Date 




Name of Second Inventor! □ A petition has been filed for this unsigned Inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Detao 


Du 


Inventor's 
Signature 




Date 




{Name of Third Inventod □ A petition has been fUed for this unsigned inventor 


Given >lame (first and middle (if any]) 


Family Name or Surname 


Subrata K. 


Dutta 


fnventofs 
Signature 




Date 




Name of Fourth Inventor! □ A petition has been filed for this unsigned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Victor 


Elner 


Inventor's 
Signature 




Date 





V Additional inventors or legal repiesentattve*(s) are being named on the _1— supplemental sheets PTCySBrtttA or Q2LR attached hereto. 
This ooOecfion of mtormsfion to required by 37 CFR 1.175. The information b required to obtain or retain a benefit by the putfic which is to file (and bv the 
USPTO to process] an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This ooQeetlon Is estimated to take 1.8 minutes lo 
complete, including gathering, preparing, and submitting the complete* application form to the USPTO. Time w8) vary depending upon the individual case. 
Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief formation 
Officer, US. Patent end Trademark Once. US. Department of Commerce. P.O. Box 14S0. Alexandria, VA 22313*1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commlaxioner for Patents, P.O. Box 1450, Alexandria. VA 2231 3-1450. 

U you need assistance in completing the torai. can t-eOO^O-9 199 artd select option Z 
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DECLARATION 



ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Pm»2 ol a 



Name of Additional Joint Inventor, if any i 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


Inventor's 
Signature 




Date 




[Name of Additional Joint Inventor, If anyj 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Paul R. 


Llchter 


Inventor's 
Signature 




Date 




iName of Additional Joint Inventor, if anyj 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xinbing 


Uu 


Inventor's 
Signature 




Date 




(Name of Additional Joint Inventor, if any:| 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Peter P. 


Pronko 


Inventor's 
Signature 




Date 




iName of Additional Joint Inventor, if anyj 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Jeffrey A. 


Squier 


Inventor's 
Signature 




Date 





piftfcwftfcfttstofite (and by the USPTO to procets) an application 

SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Approved for USO OWOUflh 1/31/2004- OM8 CS51O033 
US. POM and Trademark Otfloe; U.S. DEPARTMENT Of COMMERCE 
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JO respono to a cooecuon en o*j**>< «»b» 

Attorney Docket Number 


2115O-000939/DVC 


SUPPLEMENTAL DECLARATION 


First Kerned Inventor 


Gerald A. Mourou 


FOR REISSUE 


COMPUETE 


PATENT APPLICATION 


Reissue Appficatton No, 


09/775.106 


TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 


Ring Date 


February 1. 2001 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



t/We hereby declare that 

Every error In the patent which was corrected bi the present reissue application, and which Is not covered by the 
prior oath(s) andtor dectaratkm(s) submitted In this application, arose without any deceptive Intention on the part 
of the applicant 

l/We hereby declare that atf statements made herein of my/our own knowledge are true and that aB statemsnte 
made on Informatton and belief are believed to be true; and further that these statements were made wflh the 
knowledge that willful raise statements and the tike so made are punishable by fine or Imprisonment, or both, 
under 18 US.C. 1001 and that such wffifu! false statements may Jeopardize the validity of the application or any 
patent Issued thereon, e 



frteme of Sole or First Inventor! 



A petition has been filed for this unsigned inventor 



Given Name (first and middle (if any]) 



Family Name or Surname 



Gerard A 



Mourou 



Inventor's 
Signature 



Date 



A petition has been filed for this unsigned inventor 



Given Name (first and middle (if any}) 



Family Name or Surname 



Du 



Inventor's 
Signature 



Date 



Name of Third inventor} 



□ A petition has been filed for this unsigned inventor 



Given Name (first and middle (If any]) 



Family Name or Surname 



Subrata K. 



Dutta 



inventor's 
Signature 



Name of Fourth trrventorl 



□ A petition has been filed for this unsigned inventor 



Given Name (first and middle (if any]) 



Family Name or Surname 



Victor 



Elner 



Inventor's 
Signature 



Date 



V Addftonal tnvemora or fapai renres entH fli waf il ere being named en me _2— t uutau m W sheets PTQ/58/pgAor02Lfl*Itocftefl hereto. 
Thsa ooSacfion of information b required by 37 CFR 1.175. The information b required to obtain or retain a benefit by the public which ts to file (and by the 
USPTO to process) an ojtpfesbon. Corfkfertialty Is Governed by 35 U.S.C. 122 and 37 CFR 1.14. This ooBtttton Is estimated to cafce 1.8 nurtures to 
corrpfeto, including gathering, preparing, end aubrnftrrg the completed eppftcation form to the USPTO. Time «riQ va/y depending tpon me ndMdual case. 
Any comments on the amount of ttme you nKsjire to complete this form and/or s u go osfi ono Cor reducfnQ this burden. flftoukS bo sent to the Chief Information 
Officer. US. Patent and Trademark Office. U£. Oepartmert of Commeroe. P.O. Bex 1450, Alexandria. VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS A0ORESS. SEND TO: Commissioner for Patents, PJO. Box W50, Altxendrte, VA 22313-1460. 

0 you need asdsttnee tn compieong the term, oH 1-800-PTO-9199 and acted option 2- 



ri w»dd ttA(0&O3) 

U.S. Patert and TwfamfflU OfBcr. US. DgPAflfrfrgMT OP OOUMERCg 
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DECLARATION 
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(Name of Additional Joint Inventor, If any4 


O A petition has been filed for this unsigned Inventor 




N Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


Inventors 
Signature 




Date 




[Name of Additional Joint inventor, If any j 


□ A petition has been fSed for this unsigned inventor 




Given Name (first and midcfie if any) 


Family Name or Surname 


PaulR. 


Llchter 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, If anyi 


□ A petition has been Qed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xlnbing 


Liu 


Inventor's 
Signature 




Date 




{Name of Additional Joint Inventor, if any j 


□ A petition has been tied for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Peter P. 


Pronko 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, If anyj 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Jeffrey A. 


Squler 


Inventor's 
Signature 




Date 





This ooUKtionoi Monna^ teroqunod by 3S U.&C m and 37 CFR 1 XQ~iho'trSorn\a.ton is required to obtain or retain a benefit by the 
pubfie wHch is to «• (and by USPTO to proovss) an application 

SEND TO: Commissioner tor Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 




Approved tor use eragi 1/31/2Q04. owa oasi 
US. PWert and TcadBma* Office; UA f»AHTMB*T OF COMMS11 
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pwqonBPacowmiKBBBgnao 

Attorney Dock* Number 


2115D-000939/DVC 


SUPPLEMENTAL DECLARATION 


Ftrrt Named inventor 


Gerald A. Mourou 


FOR REISSUE 




PATENT APPLICATION 
TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 




09/775.106 


Fifing Date 


February 1.2001 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



t/We hereby declare thai: 



Every error In the patent which was corrected In the present 
prior oith(6) and/tor dectaratkHi(s) submitted In this application, 
oltheeppScant 



application, and which Is net 
without any deceptive 



by the 
on the pert 



I/We hereby declare that all a tat eme n t s made herein ot myteur own knowledge are true end mat all statements 
made on Information and belief are believed to be true; end further thai these statements were made erfth the 
knowledge that wfltful ftrtao afarie t itwrtu and the Hto eo made are punishable by fine or Imprisonment, or both, 
uttder 18 U^aiWaitd that atlChwfflM false eta te ^ 

patent Issued thereon, 



Name of Sole or First Invented 



A petition has been Bed for this unsigned Inventor 



Given Name (first and middle [if any]) 



Gerard A 



Family Name or Surname 



Mourou 



Inventor's 
Signature 



Dale 



of Second 



A petition has been filed tor this unsigned Inventor 



Given Name (first and middle (if any]) 



Family Name or Surname 



Dertao 



Du 



Inventor's 
Signature 



Date 



Name of Third Ifwentofj 



□ A petition has been filed lor this unsigned Inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Subrata It 



Outta 



Inventor's 
Signature 



Date 



Kame of Fourth tnventorl 



□ A petition has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Victor 



Elner 



Inventor's 
Signature 



Date 



^ Ad^ZkxalbwertcncrteQ^ropresertattoe^^ 

Thia co»toc6on of WormaUon to required by 37 CFR 1 .1 7S. The intormafion to required to obtain or retain a benafft by the pubfic itfwh to to We (and by the 
USPTO 10 process} an appflca^rv ConfldtnttaOty is governed by 35 U.S.C. 122 and 37 CFR 1 U This coSecfen la estimated to take 1 jflarurtea to 
complete, Inducing gmherfnQ. preparing, e«* submitting the compietod app&csfion torm b the USFTO. Time very depending, upon me mtfrfdw* case, 
concerts on the amcvrt^ 

Officer, US, Patent and Trademark Office, U.S, Department ot Commerce. P.O. Box 1450. AMnndrta. VA 22313-1450. OO MOT SEMO FEES OR 
COaAPLETBD FORMS TO THIS ADDRESS. SEND TO: Caamtoataner for Patanta, P.O. Box K50. Alexandria, VA 22*13-1450. 

W you need assistance tn compjettno me term. catti-80f>PTa9wandaatostopttonZ 



PT&SS&2A (06-03) 

US. Patent and Ttadaroarti Officer. UJS. OgPAflTDgKT OF COMMERCE 
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ADDITIONAL INVENTOR(S) 
Supplemental Shoot 
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Name of Additional Joint Inventor, if any4 


□ A petition has been Bed for this unsigned Inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


Inventor's 
Signature 




Date 




tame of Additional Joint Inventor, If anyj 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


PaulR. 


Uchter 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, If anyj 


□ A petition has been ffled lor this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xinblng 


Uu 


Inventor's 
Signature 




Date 




tame of Additional Joint Inventor, If any j 


□ A petition has been ffed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Peter P. 


Pronko 


Inventor's 
Signature < 




Date 




Name of Additional Joint Inventor, If an'yj 


□ A petition has been tied for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Jeffrey A. 


Squier 


Inventor's 
Signature 




Date 





puhDc which ft to fte (and b* It* USPTO to procesa) an apptfcatton 

SENO TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1460. 
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AfpTOMtBt UM BVMtfl 1/Jt/HW. Offi 0C51-0CQ3 
U S. Patert tnd TrwJem** Office; US. OtPARTWOfT Of COMMERCE 



SUPPLEMENTAL DECLARATION 
FOR REISSUE 
PATENT APPLICATION 
TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 



Attorney Docket Number 


2115O-000939/DVC 


First Named Inventor 


! Gerald A. Mourou 


COMPLETE 


Reissue Application No. 


09/775.106 


Filing Date 


February 1 , 2001 


Art Unit 


1725 


Examiner Noma 


Geoffrey S. Evans 



I/We hereby declare that: 

Every error In the patent which was corrected In the present reissue application, and which Is not covered by the 
prior oath(s) andYor decteratlon(s) submtted In this application, arose without any deceptive Intention on the part 
of the applicant 

vWe hereby declare that all statements made herein of my/Our own knowledge are true and that ail statements 
made en Information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or Imprisonment, or both. 
ustdM 18 U&C. 1001 and that such willful false statements may Jeopardise the validity of the application or any 
patent Issued thereon. 



Name of Sole or First Invent ori 


G A petition has been filed for this unsigned inventor 


Given Name (first and middle pf any]) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's 
Signature 




Date 




Name of Second Inventor! 


□ A petition has been filed for this unsigned Inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Detao 


Du 


Inventor's 1 
Signature | 


Oats 














Mama of Third Invented 


□ A petition has been filed for this unsigned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Subrata K. 


Dutta 


inventor's 
Signature 




Date 


Name of Fourth fnventorj 


□ A petition has been filed for this unsigned inventor 


Given Name (first and middle {if anyj) 


Famiiy Name or Surname 


Victor 




Elner 


Inventor's 
Signature 




Dale 





V Adfifenal Inwnjw or teeal representatives^) tie being named on (he J— wpp*emertaUi*et» PTQ^SSAKA or 02LR asached hereto. 

^^^^,Sf^^^S^^ ^bit^ina tieoorr^ appgcaaon term to me USPTO. Time w* vary o^pei^ upon^«flv3«e 
Any oommems on ute amount of fame you raojuiw to complete Wa form a«lto a^ 

COMPtFTED FORMS TO THIS AD0fl£SS. SEND TO: Commlairfomr for PmtonU. P.O. Bo* 1 450, Ataandrt^ VA3^£hgo7 OT 
U you need assistance tn cootfettnQ (He torn. ca8 140OCTO-9199 and setBa option 2. 
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DECLARATION 



ADDITIONAL IMVENTOB<S) 
Supplemental Sheet 

. ■ Page ft of g 



Mama of Ad tfBtona! Joint Inventor. If envd 


□ A petition has been ftod for thb unsigned tnventor • 




. Given Name (flitt and mld#e If any) 


Family Name or 9umame 


Ron 


Kurtz 


Inventors 
Sianatui* 




Data 




Name ofAddtttonal Joint Inventor. If anv J 


□ A petition has been filed for thl* i{nafgne<Onven|cfr 




Given Name (first and middle If any) 


Family Name or Stffname 


Paul R. 


Uohter 


Inventor** 
Stgna&iro 




Date 




Name of Additional Joint Inventor, If any:| 


□ A pettttah has been Rod for tW$ unsigned Inventor / 




Given Name (first and middle tf any) 


Fam3y Name or Surname 


Xlnbtag 


Uu 


Sfcnatura 


Date 




Name of Additional Joint Inventor, If anvtl 


□ A petition has been fifed for ft!* weighed Inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Peter P. 


Pronto 


fnvemor'e 
Signature 




Date 




Name of Additional Joint Inventor. If anv3 


□ A paffUon fees been fjed for tNa unsigned Inventor 




Given Nafta (first and middle if any) 


Family Name or Surname 


Jeffrey A, 


Squler 


Inventor's 
Signature 




Date 





\i460, Alexandria, va 22313-1450. 
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[ieee dawn organic electronics 
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Web 



Results 1 - 10 of about 887 for ieee dawn or ganic electronics . (0.25 seconds) 



The dawn of organic electronics 

... The dawn of organic electronics. ... he continued his reseach on semiconductor and organic 
optoelectronics. ... LEOS) Board of Governors, was an IEEE/LEOS Distinguished ... 
wwvy.spectfum.iero.org/pubiicfeature/augOO/orgs.html - 59k - Cached - Simil ar pa ges 

The dawn of organic electronics Sidebar 1 

The dawn of organic electronics go to previous page. Organic displaysel. 

As with ... IEEE Spectrum August 2000 Volume 38 Number 8. 

www.spectrum.leee.org/publicfeature/aug00/orgssb1.htmi - 4k * Cached - Similar pag es 

[ More r esults from www.spectrum.ieee.or d ] 

PCCM - Previous IRG 2 - 2000 Publications 
... 4358 (2000). SR Forrest, PE Burrows, and ME Thompson "The Dawn of 
Organic Electronics/, IEEE Spectrum, 37, 29 (2000). SR Forrest ... 
www.princeton.edu/-pccm/publications-p-irg-2-2000.htm - 17k - Cached - Similar pages 

Advances in Organic Semiconductors. Organic Metals, and Conductive ... 
... IEEE review: The Dawn of Organic Electronics. 2000 Nobel Prize in chemistry - 
' For the (second (?)) discovery and development of conductive polymers .". ... 
www.organicsemiconductors.com/ -11k- Cached - Si milar pag es 

IEEE Xplore: The <fewn of organic electronic s 

... The dawn of organic electronics Forrest, S. Burrows, P. Thompson, M. Princeton Univ., 
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The dawn of organic electronics 

Organic semiconductors are strong candidates for creating flexible 
color displays and circuits oh plastic 

By Stephen Forrest, Princeton University, Paul Burrows, Pacific Northwest Natic 
Laboratories & Mark Thompson,Unlversity of Southern California 

ORGANIC MATERIALS ARE POISED AS NEVER BEFORE TO TRANSFORM the wc 
circuit and display technology. Major electronics f inns such as Philips and Pioneer, an 
companies such as Cambridge Oisplay Technology. Universal Display, and Umax, are 
that the future holds tremendous opportunity for the low cost and sometimes surprising 
performance offered by organic electronic and optoelectronic devices. Using organic li 
emitting devices (OLEDs), organic full-color displays may eventually replace liquid-cry 
displays (LCDs) for use with laptop and even desktop computers. Such displays can b 
deposited on flexible plastic foils [Fig 1| . eliminating the fragile and heavy glass substi 
in LCDs, and can emit bright light without the pronounced directionality inherent in LCI 
all with efficiencies higher than can be obtained with incandescent light bulbs. 

Organic electronics are already entering- the commercial world. Multicolor automobile * 
displays are now available from Pioneer Corp., of Tokyo, and Royal Philips Electronic* 
Amsterdam, is gearing up to produce both OLED backlights to be used in LCDs and o 
integrated circuits. It is possible that soon, portable and lightweight roll-up OLED displ; 
cover our walls; replacing the bulky and power-hungry cathode ray tube that has been 
television standard for 50 years. 

Given the need for very low-cost (but not always high-performance) circuits for everytt 
smart cards carrying personal information, to building entry cards, to inventory control, 
reasonable to assume that within 10 years, the square footage of organic circuitry mig 
that of silicon electronics (though one expects that silicon transistors would still vastly < 
and outperform those fabricated from organic materials.) 

Organic semiconductors have been the subjects of intense scientific investigation for t 
years. During most of that time, these materials, primarily consisting of carbon, hydrog 
oxygen, were considered to be merely a scientific curiosity. Organic materials' weak 
intermolecular bonds in the solid state give them properties of both semiconductors ar 
insulators; so their study has deepened our fundamental understanding of the electror 
optical properties of solids. But, organic semiconductors attracted industrial interest wl 
recognized that many of them are photoconductive under visible light. This discovery !> 
use in electrophotography (or xerography) and as light valves in LCDs. There were ev 
that very low-cost thin-film solar cells and superconductors could be made using such 
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substances. 

Unfortunately, the potential of active electronic devices such as solar cells, light emitte 
thin-film transistors remained unfulfilled for decades because organic materials have c 
proved to be unstable. Further, making reliable electrical contacts to organic thin films 
and when exposed to air, water, or ultraviolet light, their electronic properties can degr 
rapidly. Finally, the tow carrier mobilities characteristic of organic materials obviates th 
high-frequency (greater than 10 MHz) applications. These shortcomings are compoun 
difficulty of both purifying and doping the materials. 

But in 1987 Ching Tang and Steven Van Siyke of Eastman Kodak Co., Rochester, 
successfully addressed many of these problems when they produced the first efficient 
emission from a two-layer organic structure resembling a pn junction. The Kodak grou 
class of synthetic dyes that is closely related to well-understood xerographic materials 
a device called a small-molecule OLED that produced light with about 1 percent effici6 
materials used consist of often no more than 30 or 40 atoms covatentfy bonded into st 
individual molecular units, called monomers. 

White this first demonstration of reasonably efficient light emission at low voltage attrai 
interest from potential display manufacturers, particularly in Japan, the technology attr 
public attention when, in 1990, researchers at Cambridge University in England under 
direction of Richard Friend reported a similar effect in a semiconducting organic polym 
consisting of poly para-(phenylene vinylene), or PPV. Unlike small molecule compoun* 
polymers are long chain molecules whose monomer segments are attached in a contit 
covalently bonded, high-molecular- weight chain. Polymers tend to be environmentally 
and f lexible although, like small molecules, their electronic properties can rapidly degr; 
exposed to oxygen or water. 



Let There Be Light 

Both polymeric and small molecule OLEDs fFio. 2] operate by accepting charge carrie 
opposite polarities, electrons and holes, from the cathode and anode contacts, respec 
externally applied voltage drives these carriers into the recombination region where th* 
neutral bound state, or exciton. There are two types of excitons formed, called singlets 
triplets. On average one singlet and three triplets are formed for each four electron-hol 
injected into the exciton formation region of the OLED. 

Quantum mechanics allows de-excitation (or recombination) of the singlet within a few 
nanoseconds of formation. This leads to a photon emission and is called fluorescence 
Recombination of the triplet exciton is slow (taking about 1 ms to 1 second) and when 
occur, usually results in heat rather than light. But If a heavy- metal atom such as tridii 
platinum is placed in an otherwise organic molecule, the characteristics of singlet and 
excitons mix, speeding the emission of light to within 100 ns-100//s. This kind of emis: 
called phosphorescence. 

Recent advances in boosting the efficiency of OLED light emission have led to the pos 
OLEDs will find early uses in many battery-powered electronic appliances such as cell 
gameboys, and personal digital assistants. Typical external quantum efficiencies of Ol 
(defined as the ratio of the number of emitted photons to the number of injected electn 
using a single fluorescent material that both conducts electrons and radiates photons ; 
than 1 percent. 

But by using guest-host organic materials systems where the radiative guest fluoresce 
phosphorescent dye molecule (s doped at low concentration (typically between 0.5 ant 
percent) into a conducting molecular host thin film, the efficiency can be substantially i 
to 10 percent or higher for phosphorescence or up to approximately 3 percent for fluor 

Currently, efficiencies of the best doped polymer and molecular OLEDs exceed that of 
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incandescent light bulbs. Efficiencies of 20 lumens per watt have been reported for yel 
emitting polymer devices, and 

40 Im/W attained for phosphorescent molecular OLEDs, compared to less than 20 Im/ 1 
typical incandescent light bulb. It is reasonable to predict that soon, efficiencies of 80 1 
value comparable to that of fluorescent room lighting-will be achieved using phosphor 
OLEDs. 

A fundamental difference between small -molecule and polymeric devices is the mann 
they are constructed. Small molecules are deposited in thin layers around 5-100 nm b; 
vacuum thermal sublimation. That technique heats powder sources of the molecules it 
to a temperature high enough to evaporate, but tow enough to avoid their decompose 
250 0 to 450 0 C). The evaporated molecules then collect on a cool substrate to form a 
thickness can be precisely controlled to near monolayer accuracy. 

Small-molecule OLEDs are grown on a glass or plastic substrate to form a multi-layer 
about 100 nm thick [Fig. 2]. The substrate is first coated with a conducting transparent 
such as indium tin oxide (ITO) or potyanilirie, which serves as the anode. This is follow 
thin, hole-transporting organic layer (HTL) typically made from chemicals called diamir 
organic light-emitting layer of comparable thickness is then deposited onto the HTL su 
latter stratum often doubles as the electron-transporting layer (ETL). Finally, the devic< 
completed by depositing a cathode consisting of a metal with a low work function such 
calcium or an alloy such as magnesium-silver onto the ETL surface. A low work functit 
necessary to ensure efficient, low-resistance injection of electrons from the cathode in 

Changing the composition of the layers tunes the OLED emission colors across the vi; 
spectrum. Green emission can be achieved by doping an electron-conducting organic 
called Alq 3 with either a small amount of an iridium phosphor or fluorescent dyes. The 
perylene when doped into an ETL known as CBP emits blue light. Lanthanide comple) 
porphyrin pigments have been used to efficiently emit red light when doped into Alqg o 

Researchers have encountered many difficulties in manufacturing devices with the thir 
needed to achieve operating voltages between 5 V and 10 V. OLEDs are vulnerable t< 
caused by pinhole defects in the film or contamination of the substrate surface by dust 
Furthermore, the materials tend to be mechanically fragile and are easily attacked by < 
used in photolithographic patterning. Therefore, patterning often requires low-resolutio 
such as defining the device contact by metal deposition through a shadow mask, otter 
combination with costly dry- processing techniques. In the future, however, many new 
nanofithographic patterning techniques will appear and even techniques borrowed fror 
industries such as injection molding, direct imprinting using stamping, and ink jet print! 

The most efficient polymer-based devices use bilayer structures similar to molecular o 
devices or blends of electron- and hole-transporting materials. In contrast to vacuum-g 
small-molecule OLEDs, polymers, or their precursors are typically cast as a liquid ontc 
tin-oxide-coated substrates. Then, once the film has been thinned by spinning the sub 
other methods, it is solidified by heating. While the application of the organic layers oo 
such potentially tow-cost wet-chemistry processes, a low-work-function metal cathode 
be vacuum deposited. 

Polymer OLED structures can be simpler than small-molecule structures. The first pot) 
(in contact with ITO) can serve solely as a hole-injecting/conducting layer; in some caj 
layer is used for electron and hole injection, conduction, and light emission. Polymer C 
often operate at lower power than smaff-molecuie devices. Due to their high conductiv 
polymer-based devices have operating voltages in the 2-5-V range, which is 1-2 V low 
small-molecule OLEDs. 

Control of film composition and thickness uniformity to dimensions required in single- * 
layer OLEDs is straightforward by vapor deposition but problematic by spin-on techniq 
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polymers are cast from solution, care must be taken in multilayer structures to ensure 
solvent used for the second tayer does not dissolve the first. Hence, chemical compati 
between successively applied polymers ultimately limits the complexity of the device s 
fabricated using these materials. 

As in small-molecule devices, changing the chemistry of the polymer can tune the cole 
OLED. For example, adding electron-donating groups to.the PPV chain red-shifts its In 
emission to orange. Conversely, adding electron-acceptor groups gives a blue shift. Si 
are obtained in the Alq 3 system by adding methyl groups to a particular chemical struc 
However, even such simple chemical substitutions can change the device efficiency ai 
reliability in an unpredictable manner. 



And Full-Color Displays 

One of the principal reasons that OLED technology has attracted such intense interest 
potential for use in full-color displays that might eventually replace active- matrix LCDs 
consists of a matrix of contacts made to the bottom and top surfaces of each organic li 
emitting element, or pixel [see ' Organic displays "]. To generate a full-color image, it is 
to vary the relative intensities of three closely spaced, independently addressed pixels 
emitting one of the three primary colors of red, green, or blue. 

Several different techniques have been proposed for producing the three colors needc 
pixel [Fio. 3] . One method involves photolithographic patterning of the transparent indi 
oxide anode column electrodes on the substrate combined with deposition of metal thr 
mask to form the cathode row electrodes of the side-by-side-positioned red, green, an 
G, B) subpixels, as shown at the top left of the figure. This approach, while architecture 
obvious, requires a costly process where each of the three closely spaced color segm* 
be sequentially grown and patterned. In spite of this difficulty, Sanyo Electric Co. of 0$ 
Japan, and Kodak recently demonstrated a prototype side-by-side molecular OLED flc 

f F»g. 4]. 

Alternatively, optical filtering of white OLEDs can produce acceptable red, green, and 1 
emission, as seen in the next diagram down in Fig 3 . But this method sacrifices efficiei 
the large amount of light absorbed in the filters. Less efficiency is tost by using a single 
ultraviolet OLED to pump organic fluorescent wavelength down-converters, also know 
changing media (CCM), as illustrated in the third diagram on the left of Fig 3 . Each CC 
consists of a material that efficiently absorbs the blue light and re-emits the energy as 
green or red light, depending on the compound used. 

Organic thin films allow for the realization of completely new display architectures, whi 
other advantages, may lead to the practical realization of low-cost, very high-resolutior 
displays. For example, Vladimir Bulovic and co-workers at Princeton University in New 
demonstrated transparent OLEDs (or TOLEDs), that could be used in either transpare 
or high-contrast displays, 

in addition to being a transparent light emitter, the top indium-tin-oxide surface of the 1 
serve as the hole- injecting electrode for a second TOLED built on top of the first devk 
shown in the bottom left diagram of Fig. 3. Each device in the stack is then independei 
addressable and can be tailored to emit its own color through the adjacent transpareni 
layers, the transparent contacts, and the glass substrate. This allows the entire area o 
vertically stacked pixel to emit any mixture of the three primary colore. 

Recently the authors 1 laboratory constructed a full-color, transparent stacked OLED (S 
the configuration shown in the bottom left diagram of Fig. 3) . Because each color elem 
stack is independently addressable, a SOLED display can be built with independent c< 
brightness, color, and gray scale. Although somewhat complex layering schemes are i 
the structure is more compact than the side-by-side placement of red, green, and blue 
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elements currently employed in cathode-ray tubes and LCDs, allowing for higher- resc 
images. 

One problem encountered with stacking numerous transparent organic layers is the fo 
unwanted optical cavities whose resonances alter the emission spectra of OLEDs. Wh 
effects are often undesirable and can be eliminated by careful control of layer thicknes 
composition, some researchers have suggested that mufti-color displays can consist o 
tuned by deliberately created cavities made from dielectric reflecting layers used in pte 
simple color filters. 

The challenge to making full-color polymer-based displays is very different from that fc 
such displays using small- molecule OLEOs. Solution chemistry makes it difficult to de 
pattern a polymer pixel of one color, and then repeat the process using a second coloi 
because the solvents employed may dissolve or attack the devices already on the sub 

Several schemes have been suggested to dodge this problem. One particularly promi; 
method involves depositing a single blue-emitting polymer, and then selectively diffusa 
and red dyes into adjacent regions. However, it has proved difficult to keep the diffusir 
from bleeding into regions nearby. Seiko-Epson Corp. of Nagano, Japan, and Cambric 
Technology Ltd., Cambridge, England, are pursuing a second approach in which the v 
polymer constituents of a full-color display are locally deposited using ink-jet printing. \ 
control of the thickness and shape of the droplet, which eventually sets into a high-res 
pixel, remains an as-yet-unsolved problem. 

Even if these solutions become practical, the fact remains that polymer OLEDs made » 
currently available materials have a broad-spectrum color emission. This raises additk 
barriers to realizing full-color displays. These difficulties have led companies such as f 
develop earty polymer OLED products primarily for highly uniform monochrome displa 
backlights for LCDs. 

Developing reliable organic devices remains a challenge. Charge conduction in these 
insulating materials requires very high electric fields (1*5 MV/cm) so it is only the extre 
thinness of OLEDs that enables them to operate at relatively low voltages. That thinne 
coupled with a reactive top electrode, which is required to ensure efficient injection of * 
into the organic thin film, can contribute to rapid device degradation through the gener 
subsequent growth of dark spots. The problem becomes especially acute when the de 
exposed to the atmosphere, which allows oxygen and other contaminants to react wiU 
layers. Only a few hours in air is enough to cause significant degradation through dark 
formation. However, even simple encapsulation in an inert atmosphere can greatly ex! 
useful device operating lifetime to well over 20 000 hours. 

Ultimately, organic displays will only be as reliable as their constituent organic materia 
stable. One recently demonstrated means to extend the lifetime of the devices is throu 
of organic phosphors. The key to this approach is to reduce the amount of time a light 
molecule remains in the excited state. An excited molecule tends to be more reactive I 
same molecule in its ground state, and the longer it remains excited, the more likely it 
degrade. Triplet excited states can live for periods approaching 1 second after formati* 
introducing luminescent phosphor dopant molecules, as described earlier, can decree 
lifetime to a few hundred nanoseconds, thereby reducing the likelihood they will do dai 
Using phosphor emitters, OLEDs have the potential to achieve operational lifetimes of 
hundreds of thousands of hours, easily meeting all foreseeable demands on display 
performance. 

The challenges researchers face in developing OLED devices are worth the reward. B 
they can be printed on flexible surfaces such as polyester, organic light- emitters offer 
potential for new types of displays and alternative methods of mass-production. Flexib 
vacuum-deposited, molecular OLEDs have been demonstrated on ITO-coated polyesl 
substrates and other polymers, opening. up the possibility of roll-up or conformal displa 
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curved surfaces [again, Fig. 1]. Vacuum deposition onto plastic sheets also allows ma 
production of large-area OLEDs via roll-to-roll processing, where organic materials cor 
the displays are continuously deposited on a flexible substrate translated between two 
successful development of such a process could result in low-cost manufacture of disf 



Organic Transistors 

Organic semiconductors are also being applied to thin-film transistors. Developers hop 
them used for simple but information-packed product labeling and smart cards as well 
and OLED back panels where large-area, low-cost active matrix transistor arrays are r 
As in the case of OLEDs, organic thin-film transistors (OTFTs) and circuits have been 
investigated for many years, but only recently has their performance been sufficient to 
serious attention from the electronics community. 

Organic thin-film transistors (Fig. 5] can contain either a molecular or polymeric channi 
connecting the source and drain contacts. The gate electrode is first deposited onto ar 
substrate such as glass or plastic, followed by deposition of the gate insulator, which c 
of either an organic or inorganic dielectric film. Source and drain electrodes are depos 
the gate dielectric, and that step is followed by the deposition of the thin-film channel I: 
almost all patterning is done prior to the deposition of the organic material, standard 
photolithographic techniques can be employed to result in gate lengths of 5 j/m or less 
Alternative methods such as injection molding or direct printing have also been succes 
employed to generate potentially very low-cost circuits. 

The performance of OTFTs is primarily limited by the low electron or hole mobilities of 
channel materials. Due to molecular vibrations and large intermolecular distances (typ 
0.35 nm), conductivity in small-molecule organic films is determined by the rate of elec 
hole hopping between organic molecules in the channel. Most probably, the mobility o 
films will not far exceed about 1 cm 2 /V-s at room temperature, which is low, but about 
that of amorphous silicon already in use in display backplanes. Polymers tend to be 
than small molecules, leading to a mobility limit of perhaps two orders of magnitude sn 
that of small-molecule films . 

OTFT circuits such as those recently reported by Philips, Lucent Technologies, and Ft 
State University, indicate the rapid advances that are currently being made in this very 
field. The Philips group has fabricated a 15-bit programmable code generator consistir 
polymer OTFTs with 2-pm gate lengths. The interconnections between transistors are 
conducting polymers. Interconnection between the conductors and the transistors was 
vlas formed by an array of pins used to penetrate between layers, intermixing the cone 
regions of the interconnects and the transistor contacts. 

The channel mobility for these particular transistors was only 3 x lO^cn^/V-s. This,.ph 
constant of the organic load transistors, resulted in a circuit operating frequency of ies; 
Hz. While the performance of this circuit is poor compared to inorganic electronic circu 
level of integration at such an early stage of development is nevertheless encouraging 
circuits will one day find applications where cost issues are more important than devio 



The Organic Future 

The first products using organic displays are already being introduced into the market* 
while it is always difficult to predict when and what future products will be introduced, r 
manufacturers are now working to introduce cell phones and personal digital assistant 
OLED displays within the next one or two years. The ultimate goal of using high-efficie 
phosphorescent, flexible OLED displays in laptop computers and even for home video 
applications may be no more than a few years into the future. 
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However, there remains much to be done if organics are to establish a foothold in the * 
market. Achieving higher efficiencies, lower operating voltages, and longer device lifet 
challenges still to be met. But, given the aggressive worldwide efforts in this area, emt: 
organic thin films have an excellent chance of becoming the technology of choice for tJ 
generation of high-resolution, high-efficiency flat-panel displays. 

In addition to displays, there are many other opportunities for application of organic thi 
semiconductors, but to date these have remained largely untapped. Recent results in > 
thin-film transistors provide the best example of an emerging organic electronic technc 
may soon find commercial outlets in display backplanes and other low-cost electronics 



To Probe Further 

The first demonstrations of organic light-emitting devices are described in two classic \ 
°Organic Electroluminescent Diodes, 0 by C. W. Tang and S. A. Van Sfyke, Applied Ph 
Letters, Vol. 51, pp. 913-915 (1987); and Tight Emitting Diodes Based on Conjugated 
Polymers," by J. H. Burroughes, etal, in Nature, Vol. 347, pp. 539-541 (1990). 

A recent review of the status of OLED technology can be found in "Prospects and App 
for Organic Light Emitting Devices," by P.E. Burrows, S.R. Forrest, and M.E. Thompsc 
Current Opinion in Solid State and Materials Science, Vol. 2, pp. 236-243 (1997). Also 
overview of many of the challenges and opportunities relating to small-molecule organ 
materials and devices can be found in "Uttrathin Organic Films Grown by Organic Mo!» 
Beam Deposition and Related Techniques," by S.R. Forrest, Chemical Reviews, Vol. i 
1793-1896(1997). 

For a complete compendium of the properties of organic materials, refer to Electronic 
in Organic Crystals and Polymers, M. Pope and C. E. Swenberg, second edition (Oxfo 

Finally, for those interested in some of the results discussed in the article, see "High E 
Phosphorescence from Organic Electroluminescent Devices," by M.A. Baldo, etal, N, 
395, pp. 151-154 (1998); "Operating lifetime of phosphorescent organic light emitting < 
P.E. Burrows, S.R. Forrest, T. X. Zhou, and L Michalski, Applied Physics Letters, Vol. 
2493-2495 (2000); "Low Cost All-Polymer Integrated Circuits," by C. J. Drury, et a!., A} 
Physics Letters, Vol. 73, pp. 108-1 10 (1998); and "A Full-Color Transparent Metal-Fre. 
Organic Light Emitting Device with Simplified Biasing," by G. Parthasarathy, etaL, in / 
Materials, Vol. 1 1 , pp. 907-910 (1999). 
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Advances: Organic Semiconductors 




"Here is a more curious case; white 
cats, if they have blue eyes, are almost 
always deaf. M 
Charles Darwin 



Organic semiconductors span from quantum mechanics to human disease. For example,. like 
Schroedinger's Cat, Darwin's deaf white kitty illustrates a macro quantum phenomenon. This is strong 
electron-phonon coupling in potent sound-absorbing organic semiconductors such as inner-ear melanin. 
Likewise, these materials promise exciting new technology such as organic light-emitting diode 
( OLED ) displays, as well as literal "printed" circuits. Finally, the conducting polymer melanin figures 
in (e.g.) melanoma, deafness, and Parkinson's disease. 




a. Melanin, a Typical Polyacetylene (Nicolaus) 

b. Melanin Bistable Switch- First Organic Electronic Device ? 

c. Voltage-Current Relationship for Melanin Switch . < copyright AAAS, 1974 ) 



R. Nicolaus: "The most simple melanin can be considered the acetylene-black from which it 
is possible to derive all the others*.*.. Substitution does not qualitatively influence the 
physical properties like conductivity, colour, EPR, which remain unaltered/' from The 
Nature of Animal Blacks ( "acetylene-black" = polyacetylene) 

I.e., melanin is a synonym for polyacetylene and vice- versa. In retrospect, melanin researchers first 
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defined much thought "new" in this area, e.g., polyacetylene photoconductivity . Further, many tissues 
involved in energy transduction and/or electrical activity contain melanin, e.g., the inner ear, brain, and 
eye. So likely nature first discovered the interesting electrical properties of polyacetylenes. 



In this context, the bistable switch above is just the first of three decades of non-biological electronic 
devices which use some "Melanin" as an active element This device now goes to the Smithsonian 
institution collection. 

That is, Melanin is the first organic semiconductor used in an active electronic device, i.e., one where an 
electric field modulates current flow. This was a bistable switch , the basic element of computers. 
Coincidentally, this means melanin is also the first organic material to show "metallic" hi gh- 
conductivity. It was also the first organic semiconductor used in an energy storage ( " battery " ) 
application. 

This Prior Art generates an interesting question concerning the 2000 Nobel Prize in Chemistry. This was 
awarded for a later chemically-produced high-conductivity form of another "Melanin". Ironically, this 
was primarily because this discovery resulted in the eventual (re)discovery of devices like ours, which 
the prize committee apparently did not know about. 



Here are some links. 

IEEE review : The Dawn of Organic Electrnnics. 

2000 Nobel Prize in chemistry » " For the (second (?V> discovery and development of conductive 
polymers 



Organic Active Devices; Transistors, Switches, etc. 
Theory and Modeling of Organic Field-Effect Transistors (pdf) 

Bell Labs: "Printing Plastic Transistors" Flexible Plastic Circuits Rubber-Stamped Circuits 
IBM Organic Thin film Transistors. Review 
More "Printed" circuits 

Switching i n Melanins A "lost" organic semiconductor device from 1974, — the same basic active 
element as later devices, published in Science, then reviewed in Nature. In retrospect* names count- the 
equivalent " Switching in Polyacetylenes " would have been a better title. Some pictures . 

This gadget is now in the Smithsonian American Museum of History Collection 

A new organic bistable switch . Much progress in 30 years- This one also emits light. 
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New Molecular Switch Arrays from Hewlett-Packard 

Molecular Scale Organic Switches in "^anocell" computors 

More from James Tour's Lab at Rice . Molecular switches, Nanotechnology, etc.. 

Sir Nevill Mott on melanins ( and thus on "polyacetylenes" in general ) " So like and yet so unlike the 
chalcogenide switches Dr. Mott won the 1977 Nobel in physics for his work on disordered materials. 
Present models for conduction in organic semiconductors derive from his work- 

Photovoltaics 

Conjugated polymers as photovoltaics 

Photoconductivity in melanins. 

Organic Light-Emiting-Diodes (OLEDs) — 

* GDI Kodak IBM Sanyo Siemens Pioneer Dupont Covion * 

Miscellaneous 

"Opticoelec tronic Properties of Disordered Organic Semiconductors" (pdf file); A good review of 
conduction mechanisms in organic polymers. 

Many Organic Semiconductors are Natural Products 

The Function of Melanin 

Why electronic processes are important in disease 
Britanny Spears Guide to Semiconductor Physics ( No kidding ) 
CalPolv Polvmer Electro nics Lab ( many good links 1 
Intelligent Polymer Resea rch Institute 



Big Troilbte at feU )Lqfrs: Science Fraud involving Organic Semiconductors 

Peter H. Proctor, PhD, MD 
drp@drproctor.com 
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Nature Vol. 248 April 5 1974, p475 ( News and Views ) 

Semiconductors in the human body? 

from our Solid State Physics Correspondent 

It was realised about 20 years ago that the production of energy from oxygen in the cell 
mitochondrion was possibly the result of direct electronic transport through haemoproteins 
rather than the interaction of mobile ions through an aqueous medium (see, for example, 
Szent-Gyorgyi, Discuss, Faraday Soc, 27, 1 1 1; 1959; Carden and Eley, ibid.* 1 15). It was 
thus necessary to think about a sort of wet solid-state Physics which could embrace, 
reasonably high rates of transport of free electrons or holes through biological solids, 
especially through certain haemoproteins involved in respiration. Szent-Gyorgyi proposed a 
theory that a suitable conduction band could be produced by orbital overlaps in amino acid 
chains and one could predict from this theory that proteins might achieve conductivities in 
the semiconductor range. The theory was conceptually very attractive but was not widely 
taken up, largely because it was not at the time susceptible of proof, nor had any 
investigation ever revealed a way of making analogous but simpler organic materials 
conduct to the level required. 

Now, at least, one biological material has been shown to have a strikingly large conductivity 
when correctly excited. McGinness, Cdrry and Proctor, of the University of Texas Cancer 
Center, Houston, report in Science (183. 853: 1974) that melanins can be made to 'switch 1 
from a poorly conducting to a highly conducting state at fairly low electric fields (say from 
101 n cm to 10' n ent at a field of 3 x 101 V cm-1). This remarkable phenomenon occurs 
both in melanin made synthetically from tyrosine and in that extracted from a human 
melanoma. The large conduction is not destructive in any way and is reversible;. According 
to some tests, conduction seems to be electronic rather than ionic. Also tests of a few other 
likely biological materials in the same form (a compressed solid pellet inside a quartz tube, 
mildly hydrated and of length ranging from 0. 1 to 10 mm) suggest that the effect is 
confined to the melanins and the authors note a similarity in the I-Y characteristics of the 
sample to those of some amorphous inorganic semiconductors which undergo 'threshold 
switching'. But apart from the major difference in the electric field at which the threshold 
effect occurs (of the order of 1000 V cm-1 for melanin and 10' V cm-1 for chalcogenide 
glasses), the current theory of the inorganic switching phenomenon rests on filamentary 
conduction, leading to a controlled degree of segregation of the constituents of the glass (for 
example, segregation of pure tellariurn from Ge-Te alloys) and possibly strong injection at 
the electrodes under the high local fields (Bosell and Thomas, Phil. Mag., 27, 665-81; 1973). 

Neither of these effects seems even likely in the system described, especially since the 
switching becomes unstable at thicknesses of chalcogenide greater than a few micrometres. 
Thus, the suggestion of McGuiness et al. that melanin in the human body can be a cause 
rather than a by-product of disease and that its mode.of action can he related to this 
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'electronic device' action is probably premature, especially considering the preliminary 
nature of the experiments. A revival of discussion on in vivo electronic effects in some 
biological materials associated with oxidation-reduction is, however, welcome if only 
because science has perhaps moved far enough since the 1950s that it can now devise 
adequate tests for the basic theories of transport in wet solids. Also a new approach to the 
treatment of melanotic diseases may well be stimulated by this particular revival of an 
intellectually stimulating discussion. 

Home 

keywords: conductive organic metal polymers polymer metals conductors semiconductors conductors. 
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Energy Bands 



The electronic conductivity of a material is determined by the properties of its constituent 
atoms or molecules, and by the. manner in which they are arranged in the lattice (1). 
Conductivity can be described in terms of a solid-state model that relates electronic 
processes to valance and conduction energy bands. The valance band consists of electrons 
that, because they have relatively low energy, are associated with individual atoms or 
molecules: the conduction band contains more energetic electrons that are free to move 
throughout the material in response to applied electromagnetic energy. 

The number and mobility of conduction electrons determines the electronic conductivity of a 
material. If the valance and conduction bands are separated by a small gap, then, at typical 
temperatures, thermal activity will deplete the valance band and.popuiate the conduction 
band; such a material is a conductor. If the bands are widely separated in energy, the 
conduction band will be vacant and the material will be an insulator. A semiconductor is a 
material whose band structure falls between that of a conductor and an insulator-it can be an 
insulator at one temperature and a conductor at a higher temperature. Semiconductors can 
contain impurity atoms whose energy states lie within the gap between the valance and 
conduction bands; such impurities strongly affect conductivity by donating or accepting 
electrons. 

An important consequence of the existence of energy bands is that they permit electronic 
processes in one region of a material to affect not only the immediate area, but also the 
entire structure. Szent-Gyorgyi proposed that common energy levels existed over relatively 
large dimensions in biological structures, possibly with the cell wall itself as the boundary 
(2). Evans and Gergely (Szent-Gyorgyi's student) calculated the band gap in hydrogen- 
bonded models of biopolymers and showed that it would be so large that the biopolymers 
would behave electrically as insulators (3). 

However, if impurity atoms were present, they could donate an electron to the conduction 
band, or remove one from the valance band, leading to mobile conduction electrons or 
mobile "holes" in the valance band (4, 5). Szent-Gyorgyi postulated that these electronic 
processes within the energy bands-electron mobility in the conduction band and charge 
transfer in the valance band-could give rise to biological phenomena and, indeed, to life 
itself (6, 7). Figures 4;1 and 4.2. depict his theory as applied to the bioelectrical role of 
ascorbate. 
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Fig. 4.1. A. A large protein molecule contains many electron pairs. In this state, a pair of electrons is 
very stable and unreactive; thus the molecule as a whole is very stable and unreactive. B. A pair of 
electrons with a negative charge. C. A methylglyoxal molecule with an uncoupled electron pair; i.e. an 
electron is missing from one of the orbital rings. In this state, the methylglyoxal molecule is a free 
radical and is highly reactive. It can now accept electrons from another molecule to fill its empty orbital 
ring. (Reproduced, by permission from Nutrition Today, P. O. Box 1829, Annapolis, Maryland 21404, 
September/October, 1979.) 



For ordinary materials the question of their band structure could be resolved by a 
coordinated series of X-ray, chemical, and electrondynamics studies. But biological tissue is 
inhomogeneous and impure, and suitable techniques for carrying out many of the necessary 
studies on such materials have not yet been developed. Perhaps the most significant problem 
for the experimentalist is that posed by the universal presence of water in tissue. It is well 
established that the electrical conductivity of tissue increases sharply with water content 
(8,9). However, the nature of electrical conduction in tissue under physiological conditions 
of temperature and moisture-the relative contribution of electronic, protonic, and ionic 
processes-has not been established despite more than 30 years of study (10). Thus, no clear 
picture of the band structure in tissue has emerged. Other important solid-state techniques 
that have been used to study the electronic property of biological tissue include electron 
paramagnetic resonance (11-13), and photoconductivity (14-16). Again, although the results 
are consistent with a common-energy-band model proposed by Szent-Gyorgyi, they do not 
establish it as correct. 



Chapter 4 index 
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Abstract. The electric resistivity of various human i ssues has been reported in 
many studies, but on comparison large differences appear between these studies. 
The aim of this study was to investigate systematic:* V the resistivities of human 
tissues as published in review studies (100 Hz- 10 N" lz). 
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The insignificance of differences between various li sue means could imply an 
equality of their resistivities, or, alternatively, couli : i* ihe result of the large 
confidence intervals which obscured real existing d: 'Vi rcnces. In either case, 
however, the large 95% confidence intervals reflect I large uncertainties in our 
knowledge of resistivities of human tissues. Applicv ions based on these 
resistivities in bioimpedance methods, EEG and EK' should be developed and 
evaluated with these uncertainties in mind. 
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"Semiconductor Materials, Junctions, and Devices" 

from 

"RCA Transistor Manuel" 

TECHNICAL SERIES SC-13 
Copyright 1967 by Radio Corporation of America 



Semiconductor devices are small but versatile units that can perform an amazing 
variety of control functions in electronic equipment. Like other electron devices, they 
have the ability to control almost instantly the movement of charges of electricity. They . 
are used as rectifiers, detectors, amplifiers, oscillators, electronic switches, mixers, and 
modulators. 

in addition, semiconductor devices have many important advantages over other types 
of electron devices. They are very small and light in weight ( some are less than an inch 
long and weigh just a fraction of an ounce ). They have no filaments or heaters, and 
therefore require no heating power or warm-up time. They consume very little power. 
They are solid in construction, extremely rugged, free from microphonics, and can be 
made impervious to many severe environmental conditions. The circuits required for 
their operation are usually simple. 

SEMICONDUCTOR MATERIALS 

Unlike other electron devices, which depend for their functioning on the flow of electric 
charges through a vacuum or a gas, semiconductor devices make use of the flow of 
current in a solid. In general, all materials may be classified in three major categories — 
conductors, semiconductors, and insulators — depending upon their ability to conduct 
an electric current. As the name indicates, a semiconductor material has poorer 
conductivity than a conductor, but better conductivity than an insulator. 

The materials most often used in semiconductor devices are germanium and silicon. 
Germanium has higher electrical conductivity ( less resistance to current flow ) than 
silicon, and is used in most low- and medium-power diodes and transistors. Silicon is 
more suitable for high-power devices than germanium. One reason is that it can be 
used at much higher temperatures. A relatively new material which combines the 
principal desirable features of both germanium and silicon is gallium arsenide. When 
further experience with this material has been obtained, it is expected to find much 
wider use in semiconductor devices. 

Resistivity 

The ability of a material to conduct current ( conductivity ) is directly proportional to the 
number of free ( loosely held ) electrons in the material. Good conductors, such as 
sliver, copper, and aluminum, have large numbers of free electrons; their resistivities 
are of the order of a few millionths of an ohm-centimeter. Insulators such as glass, 
rubber, and mica, which have very few loosely held electrons, have resistivities as high 
as several million ohm-centimeters. 
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Semiconductor materials lie in the range between these two extremes, as shown in Fig. 
1. Pure germanium has a resistivity of 60 ohm-centimeters. Pure silicon has a 
considerably higher resistivity, in the order of 60,000 obm-centimeters. As used in 
semiconductor devices, however, these materials contain carefully controlled amounts 
of certain impurities which reduce their resistivity to about 2 ohm-centimeters at room 
temperature ( this resistivity decreases rapidly as the temperature rises ). 



INCREASING RESISTIVITY * 

IO~* Kf 3 J IO ? ID 6 
OHM-CM 1 M | I 1 ,| I 1 | 1 1 1 

COPPER GERMANIUM SILICON GLASS 
■« INCREASING CONDUCTIVITY 

Figure 1. Resistivity of typical conductor/ 
semiconductors, and insulator. 



Impurities 

Carefully prepared semiconductor materials have a crystal structure. In this type of 
structure, which is called a lattice, the outer or valence electrons of individual atoms are 
tightly bound to the electrons of adjacent atoms in electron-pair bonds, as shown in 
Fig. 2. Because such a structure has no loosely held electrons, semiconductor 
materials are poor conductors under normal conditions. In order to separate the 
electron pair bonds and provide free electrons for electrical conduction, it would be 
necessary to apply high temperatures or strong electric fields. 




Figure 2. Crystal lattice structure. 
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Another way to alter the lattice structure and thereby obtain free electrons, however, is 
to add small amounts of other elements having a different atomic structure. By the 
addition of almost infinitesimal amounts of such other elements, called "Impurities", the 
basic electrical properties of pure semiconductor materials can be modified and 
controlled. The ratio of impurity to the semiconductor material is usually extremely 
small, in the order of one part in ten million. ( 0.1 ppm ) 

When the impurity elements are added to the semiconductor material, impurity atoms 
take the place of semiconductor atoms in the lattice structure. If the impurity atoms 
added have the same number of valence electrons as the atoms of the original 
semiconductor material, they fit neatly into the lattice, forming the required number of 
electron-pair bonds with semiconductor atoms. In this case, the electrical properties of 
the material are essentially unchanged. 

When the impurity atom has one more valence electron than the semiconductor atom, 
however, this extra electron cannot form an electron pair bond because no adjacent 
valence electron is available. The excess electron is then held very loosely by the atom, 
as shown in Fig. 3, and requires only slight excitation to break away. Consequently, the 
presence of such excess electrons makes the material a better conductor, i.e., its 
resistance to current flow is reduced. 



ELECTRON-PAIR SEMICONDUCTOR 




Figure 3. Lattice structure of n-type 
'material. 



Impurity elements which are added to germanium and silicon crystals to provide excess 
electrons include arsenic and antimony. When these elements are introduced, the 
resulting material is called n-type because the excess free electrons have a negative 
charge. ( It should be noted, however, that the negative charge of the electrons is 
balanced by an equivalent positive charge in the center of the impurity atoms. 
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Therefore, the net electrical charge of the semiconductor material is not changed. ) 

A different effect is produced when an impurity atom having one less valence electron 
than the semiconductor atom is substituted in the lattice structure. Although all the 
valence electrons of the impurity atom form electron-pair bonds with electrons of 
neighboring semiconductor atoms, one of the bonds in the lattice structure cannot be 
completed because the impurity atom lacks the final valence electron. As a result, a 
vacancy or "hole" exists in the lattice, as shown in Fig. 4. An electron from an adjacent 
electron-pair bond may then absorb enough energy to break its bond and move 
through the lattice to fill the hole. As in the case of excess electrons, the presence of 
"holes" encourages the flow of electrons in the semiconductor material; consequently, 
the conductivity is increased and the resistivity is reduced. 



ELECTRON -AMR SEMICONDUCTOR 




Figure 4. Lattice structure of p-type' 
material. 



The vacancy or hole in the crystal structure is considered to have a positive electrical 
charge because it represents the absence of an electron. ( Again, however, the net 
charge of the crystal is unchanged. ) Semiconductor material which contains these 
"holes" or positive charges is called p-type material, p-type materials are formed by the 
addition of aluminum, gallium, or indium. 

Although the difference in the chemical composition of n-type and p-type materials is 
slight, the differences in the electrical characteristics of the two types are substantial, 
and are very important in the operation of semiconductor devices. 

P-N JUNCTIONS 

When n-type and p-type materials are joined together, as shown in Fig. 5, an unusual 
but very important phenomenon occurs at the interface where the two materials meet 
( called "the p-n junction" ). An interaction takes place between the two types of 
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material at the junction as a result of the holes in one material and the excess electrons 
in the other. 



When a p-n junction is formed, some of the free electrons from the n-type material 
diffuse across the junction and recombine with holes in the lattice structure of the p- 
type material; similarly, some of the holes in the p-type material diffuse across the 
junction and recombine with free electrons in the lattice structure of the n-type 
material. This interaction or diffusion is brought into equilibrium by a small space- 
charge region ( sometimes called the transition region or depletion layer ). The p-type 
material thus acquires a slight negative charge and the n-type material acquires a slight 
positive charge. 

Thermal energy causes charge carriers ( electrons and holes ) to diffuse from one side 
of the p-n junction to the other side; this flow of charge carriers is called diffusion 
current. As a result of the diffusion process, however, a potential gradient builds up 
across the space-charge region. This potential gradient can be represented, as shown 
in Fig. 6, by an imaginary battery connected across the p-n junction. ( The battery 
symbol is used merely to illustrate internal effects; the potential it represents is not 
directly measurable. ) 



http://www.luminet.net/~wenonah/riddick/semicond.htm 7/29/2004 



P-N JUNCTION 



P-TYPE MATERIAL 



N-TYPE MATERIAL 



SPACE-CHARQE REGION. 

Figure 5. Interaction of holes and electrons 
at p-n junction* 
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Figure 6. Potential gradient across space- 
charge region. 



The potential gradient causes a flow of charge carriers, referred to as drift current, in 
the opposite direction to the diffusion current Under equilibrium conditions, the 
diffusion current is exactly balanced by the drift current so that the net current across 
the p-n junction is zero. In other words, when no external current or voltage is applied 
to the p-n junction, the potential gradient forms an energy barrier that prevents further 
diffusion of charge carriers across the junction. In effect, electrons from the n-type 
material that tend to diffuse across the junction are repelled by the slight negative 
charge induced in the p-type material by the potential gradient, and holes from the p- 
type material are repelled by the slight positive charge induced in the n-type material. 
The potential gradient ( or energy barrier, as it is sometimes called ), therefore, prevents 
total interaction between the two types of materials, and thus preserves the differences 
in their characteristics. 

CURRENT FLOW 

When an external battery is connected across a p-n junction, the amount of current 
flow is determined by the polarity of the applied voltage and its effect on the space- 
charge region. In. Fig. 7a, the positive terminal of the battery is connected to the n-type 
material and the negative terminal to the p-type material. 



ELECTRON- FLOW 
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In this arrangement, the free electrons in the n-type material are attracted toward the 
positive terminal of the battery and away from the junction. At the same time, holes 
from the p-type material are attracted toward, the negative terminal of the battery and 
away from the junction. As a result, the space-charge region at the junction becomes 
effectively wider, and the potential gradient increases until it approaches the potential 
of the external battery. Current flow is then extremely small because no voltage 
difference ( electric field ) exists across either the p-type or the n-type region. Under 
these conditions, the p-n junction is said to be reverse-biased. 

In Fig. 7b, the positive terminal of the external battery is connected to the p-type 
material and the negative terminal to the n-type material. 



ELECTRON FLOW 




il) FORWARD BIAS 



In this arrangement, electrons in the p-type material near the positive terminal of the 
battery break their electron-pair bonds and enter the battery, creating new holes. At the 
same time, electrons from the negative terminal of the battery enter the n-type material 
and diffuse toward the junction. As a result, the space charge region becomes 
effectively narrower, and the energy barrier decreases to an insignificant value. Excess 
electrons from the n-type material can then penetrate the space charge region, flow 
across the junction, and move by way of the holes in the p-type material toward the 
positive terminal of the battery. This electron flow continues as long as the external 
voltage is applied. Under these conditions, the junction Is said to be forward-biased. 

The generalized voltage-current characteristic for a p-n junction in Fig. 8 shows both 
the reverse-bias and forward-bias regions. 
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In the forward-bias region, current rises rapidly as the voltage is increased and is quite 
high. Current in the reverse-bias region is usually much lower. Excessive voltage 
( bias ) in either direction should be avoided in normal applications because excessive 
currents and the resulting high temperatures may permanently damage the 
semiconductor device. 



Fig. 7 shows that a p-n junction biased in the reverse direction is equivalent to a high- 
resistance element ( tow current for a given applied voltage ), while a junction biased in 
the forward direction is equivalent to a low-resistance element ( high current for a given 
applied voltage ). Because the powe* developed by a given current is greater in a high- 
resistance element than in a low-res stance element ( P=I 2 R ), power gain can be 
obtained in a structure containing two such resistance elements if the current flow is 
not materially reduced. A device containing two p-n junctions biased in opposite 
directions can operate in this fashion. 

Such a two-junction device is shown in Fig. 9. 
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Figure 9. N-P-N structure biased for power 

■ gain;;- 



The thick end layers are made of the same type of materia! ( n-type in this case ), and 
are separated by a very thin layer of he opposite type of material ( p-type in the device 
shown ). By means of the external brtteries, the left-hand ( p-n ) Junction is biased in 
the forward direction to provide a lo^ -resistance input circuit, and the right-hand ( p- 
n ) junction is biased in the reverse direction to provide a high-resistance output 
circuit. ... 
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ADDITIONAL INVENTORY) 


DECLARATION 


Supplemental Sheet 




Pooe2 of 2 



{Name of Additional Joint Inventor, If enyj Q A petition has been fted for this unsigned Inventor 


Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


Inventor's 
Signature 




Date 




(Name of Additional Joint Inventor. If any i 


0 A petition has been filed for this unsigned Inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Paul R. 


Llchter 


inventor's 
Signature 




Date 




[Name of Additional Joint Inventor, If anyj 


□ A pet&Jon has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xlnblng 


Liu 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, If anyj 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Peter P. 


Pronko 


inventor's 
Signature 




Date 




(Name of Additional Joint Inventor, If any i 


O A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Jeffrey A. 


Squter 


Inventor's 
Signature 




Date 





TWa coa#cfccn Of information « r»Qwr»d &y IS U.S.C. U 5 and 37 Cffl 1 .61 TTw Lntamufion <j rwjufrwJ to ct*»tn o> reuin a bcnefti Oy Vie 
pufetc wNoh t» to 8* (tnd by th» USPTO to proomj an tppfecSop 

SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



\ 




PTO/5B/51S (0&O3) 



Approwd tor usa though t/31/20OC OUB 0651 4003 
U.S. Ptotert And Tr»oeme* Office: US. DEPARTMOTT Of OOfcWERCe 



^ SUPPLEMENTAL DECLARATION 


Attorney Docket Number 


m urates * coram* a vmo omb control number. 

2115D400939/DVC 


First Named Inventor 


Gerald A. Mourou 


V FOR REISSUE 


COMPLETE 


PATENT APPLICATION 


Reissue Application No. 


09/775,106 


TO CORRECT "ERRORS" STATEMENT 


Filing Date 


February 1, 2001 


(37 CFR 1.175) 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



UWe hereby declare that: 

Every error in the patent which was corrected In the present reissue application, and which It not covered by the 
prior oathfs) and/or declarations) submitted In this application, arose without any deceptive Intention on the part 
of the applicant 

I/We hereby declare thst all statement* made herein of my/our own knowledge ere true and that an statements 
matte en information and belief era believed to be true; and further that these statements were made with the 
knowledge that wHtful false statements and the like so made are punishable by fine or imprisonment, or both, 
under 1S U.S.C. 1001 and that such willful false statements may Jeopardize the validity of the appScation or any 
patent Issued thereon. 



Name of Sole or First Inventori □ A petition has been filed for this unsigned inventor 


Given Name (first and middle [ft any]) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's 
Signature 




Date 




Name of Second Inventor! □ A petition has been filed lor this unsigned inventor 


Given Name (first and midefle [if any}) 


Family Name or Surname 


Detao - 


Du 


Inventor's 
Signature 




Date 




Name of Third Inventor! □ A petition has been Died for this unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 


Subrata K. 


Outta 


Inventor's I 
Signature | 


Dale 




Name of Fourth Inventori □ A petition has been Hied tor this unsigned inventor 


Given Name (first and middle [if any]} 


Family Name or Surname 


Victor 


Elner 


Inventor's j 
Signature | 


Date 





USPTO topW answfcafon. ^^f^^ * 35 U.S.C 122 and J7 CFR 1.14. Ttt coSKfen 1$ sStfto ^ Jtimto to 
S^^n^S^«2f?^S; Er^ 0 * ^ oonrpteted sppfic*flon farm to the USPTO. Tlma w33 vary OeperKfriQap^^a intfvSSrcSw 

Pwart Tndamuk Otto, UA Department of Commerw, P.O. Box 1450, Mrandrta. VA 2231 3-1450. DO MOT send cfpq rm 
COMPtETEO FORMS TO THIS ADDRESS. S£W0 T^CcnwnUaW tor PeJ^U, P.O. BaM^SIl, VA ZW1*U^ ° 
t^u noed stctsonce In completing ttw tom % cafi 1-SOO>PTO>9199 wtQ sofoct optton 2. 



iQ-u<*Stuu«» i«;y*<o rruo-uit vrnirvWLvur 



»-«o r.uuc/utu r-i« 



AppfOkdOtorweaiflfOusnttAiAtta QMS D&S 1-0032 
U S PateW ana Tfadefr OWe»: US OEPAflTMENT Of COMJUffiftCS 



DECLARATION 



ADDITIONAL INVENTOR(S) 

Supplemental Sheet 

Pane 2 of 2 



j 



[Name of Additional Joint Inventor, If any:{ 


G A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


Inventor's 
Signature. 




Dafo 




Mame of Additional Joint Inventor, ttonyrj "*" 


• "A petition has been filed for mis unsigned inventor 




Given Name (first and middle if any) • - 


Fa.nily Name or Surname 


Paul R. 


Lichter 


Inventor's 
Signature 




Dato 




[Name of Additional Joint Inventor, if any:! 


□ « A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xinbing 


Liu 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, if anyj 


□ A petition has oeen filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Peter P. 


Pronko 


inventor's 
Signature 




Date 




Name of Additional Joint Inventor, if anyj 


□ A petition has been filed for this unsigned if\^et\vor 




Given Name (firsl and middle if any) 


Family Name or Surname 


Jeffrey A. 


Squier 


Inventor's 
Signature 
Trta ccflacton c 


4 information te reauirad &v 96 U.S.C. MS and 37 CFfl 1 .B3. ThA . 


Date | 

rtfArmaLM t* /pa i it/ a/1 te\ amsia a# a * ****** 



pug* *«cn atom (anooyre uSPTO to process »n application 

SEND TO: Commissioner for Potent*, P.O. Box 1450, Alexandria, VA 22313-1450. 



PTQ/S8/51S (05-03) 



Approved tor use through 1/31/2004. OMB 0651-0033 
U.S. Patent and Trademark Office; U-S. DEPARTMENT OF COMMERCE 



f SUPPLEMENTAL DECLARATION 


Attorney Docket Number 


2115D-000939/DVC 


First Named Inventor 


Gerald A. Mourou 


FOR REISSUE 


COMPLETE 


PATENT APPLICATION 


Reissue Application No. 


09/775,106 


TO CORRECT "ERRORS" STATEMENT 


Filing Date 


February 1,2001 


(37 CFR 1.175) 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



VWe hereby declare that: 

Every error In the patent which was corrected in the present reissue application, and which is not covered by the 
prior oath(s) and/or declaration^) submitted In this application, arose without any deceptive intention on the part 
of the applicant 

I/We hereby declare that alt statements made herein of my/our own knowledge are true and that all statements 
made on Information and belief ere believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or Imprisonment, or both, 
under 18 U.S.C. 1001 and that such willful false statements may Jeopardize the validity of the application or any 
patent Issued thereon, 



Name of Sole or First trwentorj □ A petition has been fifed for this unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's 
Signature . 




Date 




[Name of Second Inventor} □ A petition has been filed for this unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 


Detao 


Ou 


Inventor's 
Signature 




Date 




(Name of Third Inventor) □ A petition has hatm fiterf tor thi* ..n^rmri inuon^ 


Given Name (first and middle [if any]) 


Family Name or Surname 


Subrata K. 


Outta 


Inventor's 
Signature 




Date 




JMame of Fourth Inventor J □ A petition has been filed for this unsigned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Victor 


Elner 


Inventor's 
Signature 




Date 





V Addition* inventora or legal representative^*) are being named on the „J^_ su p ple me n ta l sheets PTCYSB/02A or 02LR attached hereto. 
TlwjcoBection oi formation is required by 37 CFR 1.1 75. The intimation Is required to obtain or retain a benefit by (he puttie which is to Re (and by the 
USPTO to process) an application. Confidentiality ta governed by 35 VS.C. 122 and 37 CFR 1.14. This collection Is estimated to take 1 8 minutes to 
complete, including gathering, preparing, and submitting the completed appficafion form to the USPTO, Time wU vary <tepend*g upon the individual ease 
Any comments on the amount oi t&nt you require to complete Ws torm andtor suggestions for reducing thJs burden, should be sent to the Chief tato/mation 
OfScer. U.S. Patent and Trademark Office. US. Department of Commerce, P.O. Bex 1460, Alexandria. VA 2231 3-1450. DO NOT SEND FEES on 
COMPLETED FORMS TO THIS ADDRESS. SEND TO. Commlaahmer for Patent* P.O. B^A^fSmritM, VA2W 13^1450/ 
n ycu need assistance in completing the torn, cafi 1-800^0^199 and seiect option Z 



PTCySBflCA (06-03) 
Approved 1w use throuohCSQI/2003. oaffl 0651-0032 
U.S. Patent and Trademark Q«cr. U.S. DEPARTMENT OF COMMERCE 



DECLARATION 



ADDITIONAL INVENTOR(S) 

Supplemental Sheet 

Page 2 of 2 



Name of Additional Joint Inventor* if any;| 


□ A petition has been filed for this unsigned Inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


inventor's 
Signature 




Date 




Name of Additional Joint Inventor, If anyj 


□ A petition has been fQed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Paul R. 


Llchter 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, If any i 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xinbing 


Uu 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, if anyj 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Peter P. 


Pronkp 


Inventor's 
Signature 




Date 




Name of Additional Joint Inventor, If any i 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Jeffrey A. 


Squier 


Inventor's 
Signature 




Date 





public which is to (Be (and by the USPTO to process) an application 

SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2231>1450. 



FTO/S8/51$ (05-03) 



f tho PaocmorV Redactor* Act d 1&9S. no 



Approved loi use throvtfi 1/31/2004. OMB 06514033 
U& Patent and Trademark Office; US. DCPARTuerr Of OOMMERC6 



r SUPPLEMENTAL DECLARATION 


Attorney Docket Number 


2115O-00093&DVC 


First Named Inventor 


Gerald A. Mourou 


FOR REISSUE 


COMPLETE 


PATENT APPLICATION 


Reissue Application No. 


09/775,106 


TO CORRECT -ERRORS" STATEMENT 


Filing Date 


February 1,2001 


(37 CFR 1.175) 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



t/We hereby declare thai: 

Every error In tho patent which was corrected In the present reissue application, and which Is not covered by the 
prior oath(s) andtor dectorstkm(s) submitted in this application, arose without any deceptive Intention on the part 
of the applicant 

I/We hereby declare that ail statements made herein of my/our own knowledge are true and that ail statements 
made on information and belief are believed to be true; and further that these statements were made wfth the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under 16 U.S.C. 1001 and that such willful false statements may Jeopardize the validity of the application or any 
patent issued thereon. 



Name of Sole or First Inventor j 


□ A petition has been filed for this unsigned inventor 


Given Name (first end middle [if any]) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's 
Signature 




Dale 




ptJame of Second Inventor! 


□ A petition has been filed for this unsigned inventor 


Given Name (first and middle [if any}) 


Family Name or Surname 


Detao 


Du 


Inventor's 
Signature 




Date 














(Name of Third inventor} 


□ A petition has been filed for mis unsigned inventor 


Given Name (first and middle (if any]) 


Famfly Name or Surname 


Subrata K. 


Outta 


Inventor's I 
Signature | 


Date 




Name of Fourth tnventorj 


□ A petition has 


been filed for this unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 


Victor 


EIner 


Inventor's I 
Signature | 


Date 





V Additional inventors or toga) repfwarTtattv©3(«) are being named on to «uppfemcrtai«h^ PTOSB^^ wQ2LH«a»ctf»d h*r«». 
JJE^SSf*?? 40 " * in f 0fma8o *V ** «Quired by 37 CFP 1.I7& Tna imormatfon is raqubed tt> obtain or retain a benefit by mo pubfc wfacn « to tie fend 5v the 
^TO to pjwos) .napptam Carideniia&y * framed by 34 U-SC. 122 and 37 CFR 1.14 This cotetta h SSSidto 1 8 rZttL to 
wmjteta. tndudinfl Catherine, preparing, and avbrnttao (ha completed appfcation form to Ota USPTO. Time wffl vary depend** upon tha ndhriduai case. 
iHT ^TTSfL? 0 wnount ot Bme yon reojjlre to compteta tttfa twin and/or enggesttona for raducinQ tftfs burden, anould be aeVdMEo tha CNef frdo/rnation 
Ortw US. Patent and Trademark Ofto. U.S. Department of Commerce. P.O. Box 1450, Atendrla, VA aWiasa DO flEKJCm 
COMPLETED FORMS TO THIS ADDRESS- SEND TO: Conmtaatansr for Patent*. P.O. ttw 1460> AJKendrta, VAZWliusa ° 
a you oeeda«tttanc» tn co r nn » u» g tha tern, cafl l-aOO»PTO-gl99 and aetect option X 



PTG/S8/D2A (D&03) 
Aprawadfcvu»tfBOu^0Bai/200a OMB06S1«0032 
US. P«tart end Tradsfntffc Office: U.S. DEPARTMENT OFOOftAIERCE 


DECLARATION 




ADDITIONAL INVENTORS) 




Supplemental Sheet 






Ptn2 of 2 



Name ofAddltional Joint Inventor, If enyj 


□ A petition has been filed for this unsigned Inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Ron 


Kurtz 


Inventor's 
Signature 




Date 




{Name ofAddltional Joint Inventor, If any i 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Paul R. 


Lfchter 


Inventor's 
Signature 




Date 




Name ofAddltional Joint Inventor, tf any j 


□ A petition has been Gad for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Xinbing 


Liu 


Inventor's 
Signature 




Date 




Name ofAddltional Joint Inventor, if any j 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Famly Name or Surname 


Peter P. 


Pronko 


Inventor's 
Signature 




Date 




Name ofAddltional Joint Inventor, if and 


□ A petition has been filed for this unsigned mventor 




Given Name (first and middle if any) 


Family Name or Surname 


Jeffrey A 


Squler 


Inventor's 
Signature 




Date 





puttie wHeh is to B» (and by tfie U3PTO to prooau} an tpptiatton 

SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



PTOsaeispMB) 




WdBfB»Pap«n«o*WBduca»iAclc«t99aLnoca«»o*it««BrBaulrod 



Approved tor uwtvoutfl 1/31/Z004-OM8 0851-0033 
OS. PBtsntmlT»dBni7tiOaoe:US. OB>AHTVCEMT OF COMMERCE 



SUPPLEMENTAL DECLARATION 
FOR REISSUE 
PATENT APPLICATION 
CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 



Attorney Docket Number 


21 161>O00d3M>VC 


Rrst ftenad tnvmtor 


Gerald A. Mourou 


<! 




Reissue Application No. 


09/775.106 


RBngOate 


February 1.2001 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



I/Wo hereby dectas* that: 



Every error In the patent which was corrected In the preterit relasua application, and which Is not covered by the 
prior octree) and/or dedaratlo«i(e) submitted In Oils application, arose wtthout eny deceptive Intention on the part 
of the sppOcsitt, 

I/We hereby declare that all statements made herein of my/our own knowledge ere true end that an statements 
made on Information and belief are believed to be true; and further thai these statements were made wtth the 
knowledge that wBtful false statements and the like so made are punishable by fine or imprisonment, or both, 
under 1 8 UJ8.C. 1 001 end that such wtittul false statements may jeopanflze the vafftflty of the application or any 
patent Issued thereon. 



(Name of Sole or Rrst Inventor J □ A petition has been Red for this unsized inventor 


Given Name (first and middle [rf any}) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's 
Signature 




Date 




[Name of Second Invented □ A petition has been filed for mis unsigned fnventor 


Given Name (Rrst and middle (if any]) 


Family Name or Surname 


Detao 


Du 


Inventor's 
Signature 




Date 




tMame of Third Inventor! □ A Detitton has been filed for this unskyned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


SubrataK. 


Dutta 


Inventor's 
Signature 




Dale 




Name of Fourth Inventor! □ A petition has been tDed for this unsigned inventor 


Given Name (first and middle [if anyD 


Family Name or Surname 


Victor 


Elner 


Inventor's 
Signature 




Date 





V AdtfBorallmmtarsorl^rfpreesruSttsW 

This coSeC&on of Wormaflon (0 required by 37 CFR 1 .17*. The WorrnalJon la required to obtain or retain a benefit by the puttie which to flla (And by to 
USPTO to process) an app li cati on . C o rtkter tfiafi y a gow wn e d by 3S U.S.O. 122 end 37 CFR 1.14 Thta ooSeetton ta estimated to take 1 J minutes to 
complete. Muting gathering, prepertna end aubmiffing the ooruphtod a pp fl«ti o n form to the USPTO. Ttase wt? wy de pe n d^ upon the MfcttnS ease. 
Any cuwa iie nto otto^ amount of ttno you 

Officer, US. Patent end Tredemai* Office. US, Oepartmert or Commerce, P.O. Box 14HX Aleandrie, VA 22313*1460. CO NOT SEND PEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Corncniealonef for Patante, P.O. Box 1460, Aleaomdfta, VA 2231>1450l 
M you need assfe&nce m compwmg the ftmr^cafl i^0W»TO-ai99 tndeetectopttoiZ 



PTOsafiSAfceaj) 

Approved for usa flWHOh 08010001. OM8 0061-0032 



DECLARATION 


ADDITIONAL INVENTOR(S) 


Suppfemsrrtal Sheet 




Paflt J of 2 



Nama of Additional Joint Inventor, If any i 


□ A petition has been filed for this unsigned Inventor 




Given Name (first and middle If any) 


Family Name or Surname 


Ron 


Kurtz 


Inventor's 
Signature 




Date 




iName of Additional Joint Inventor, If anyj 


□ A petition has been filed for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


Paul R. 


Llchter 


Inventor's 
Signature 




Oate 




{Name of Additional Joint inventor. If anyj 


□ A petition has been fted for this unsigned inventor 




Given Name (first and middle if any) 


Family Name or Surname 


XinMng 


Uu 


tnventor*8 
Signature 




Date 




Name of Additional Joint Inventor, If any J 


□ A petftlon has been fBed for this unsigned inventor 




Given Name (first and middle H any) 


Family Name or Surname 


Peter P. 


Pronko 


Inventor's 
Signature ( 




Date 




Name of Additional Joint Inventor. If anyj 


□ A petition has been filed for this unstyied Inventor 




Given Name (first and middle If any) 


Family Name or Surname 


Jeffrey A. 


Squler 


Inventor's 
Signature 




Date 





jaibflc wNch ts to fflo (and by »» U»TO to process) an cppficsflon 
SEND TO: Commlsfiloner for Patents, P.O. Box 1450, Alexandria, VA 22313*1460. 



PT0tSe/51S(0S«3} 



Approved taf um through 1/31/2004. OMB 0841 -0033 
US. Potent and TradamM Office; U-S. DEPARTMENT OF COMMERCE 



SUPPLEMENTAL DECLARATION 
FOR REISSUE 
PATENT APPLICATION 
TO CORRECT "ERRORS" STATEMENT 
(37 CFR 1.175) 



Attorney Docket Number 


2115D-000839/DVC 


Fire! Named Inventor 


Gerald A. Mourou 


COMPLETE 


Reissue Application No, 


09/775,106 


Filing Date 


February 1 , 2001 


Art Unit 


1725 


Examiner Name 


Geoffrey S. Evans 



UWe hereby declare that: ' ~~ • " 

Every error fn the patent which was corrected In the present reissue application, and which Is not covered by the 
prior oath's) and/or dedaratkm(a) submitted In this application, arose without any deceptive Intention on the part 
of the applicant 

t/We hereby declare that ail statements made herein of my/our own knowledge are true and that all statements 
made on Information and belief are believed to be true; and further that these statements were made wtth the 
knowledge that willful false statements and the like so made are punishable by fine or Imprisonment, or both, 
under 18 U.S.C. 1001 and that such willful raise statements may Jeopardize the validity of the application or any 
patent issued thereon. * 



Name of Sole or First Inventorj □ A petition has been filed for this unsigned inventor 


Given Name (first and middle (if any}) 


Family Name or Surname 


Gerard A 


Mourou 


Inventor's | 
Signature | 


Date 




Given Name (first and mrdtfe (if any]) 


Family Name or Surname 


Detao 


Du 


inventor's I 
Signature | 


Date | 


ISBiBa^aW 


□ A petition has been filed for this unsigned inventor 


Given Name (first and middle (if any]) 


Family Name or Surname 


Subrata K. 


Outta 


Inventor's 1 — 

Signature | | Date | 




Given Name (first and middle [if any)) 


Family Name or Surname 


Victor 


EIner 


Inventor's 1 
Signature | 


Date | 



USP T° to pra«) an appfictffcn. CDnftfentbOy is gowmad by 35 US.C. 122 2nd 3? CFR \M, Tttrttoefen H ttfttttadto tote u a 
%?£Z£^£^r M °* ^ appicaflon form to tha USPTO. ^ taMu^ 

COMPLETED FORMS TO TMJS ADDRESS. SEND TO: Committer for PtJwtfa, P.O. Box 14^^^ VA 2»£hso^ 
» you n««o ammnn tn cotnpteOng 0* to^ caO l-eoo^O-9199artd Mtec* cpttan 2. 



fiUG.il. 2004 2:52PM HRWCSS DICKEY 248 641 0270 



NO. 151 P. 4 





ADDITIONAL lNVEJ4fbtt(S) 


DECLARATION 


Sapplemsfttal Obeat 


. " Paoeft of ft 



Nona of Addition*! Joint Inventor* if anyd 


□ A partition hAi badfi Red for tftb unalgnetf inventor 




Given Name (first and middle If any) 


Family Name or. Surname 


Bon 


Kurtz 


inventors 
Signature 




Date 




NtiM of Additional Joint Inventor. If anvil 


□ a' petition haebeen filed for tfi laljnifgneitlm/entbr -' 




Given Name (first and middle If any) 


Family Name or Surname 


Paul B. 


Liehter 


Inventor's 1 
signature 


Date 




Warns of Additional Joint inventor, if anvJ 


□ A pe^ has been fled for tn& 




Given Name {fliet and middle If any) 


Famty Name or Surname 


XlnblnB 


Uu 


Inventor* 
Signature 




pale 




Name of Additional Joint Inventor. If arw:l 


□ A petition hasten Red for 




Given Name (ftet and middle If any) 


Family Name or Surname 


Pater P. 


Pronto. 


Striatum 




Date 




Name of Additional Joint Inventor. If anv:| 


□ A petfttontw been tied fer this 




Given Narhe (first end middle ff any) 


Family Name or Surname 


Jeffrey A, 


Squler 


Inventor's [ (If J ( ] *N J 
Signature | ( J^JH^Juk ^ ^/ r <C/ \t(Xf*<~' 


Date 





PXXC»rt45D, Alexandra, VA 2231V1480. 



